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1. 

GENERAL INTRODUCTION 

Eggs of the Domestic Fowl (Gallus domesticus) have 

been incubated by artificial means for many centuries, 

this technique being of course ante -dated by the natural 

method of the bird. Credit for the early introduction 

of artificial incubation is generally given to the Chinese 

and Ancient Egyptians who used, and still use, large 

earthenware ovens, heated by burning d7y manure or rice 

husks, to hatch chicks from fertile eggs. Landauer (1951) 

has described in some detail the various methods of 

incubation adopted in early times and has provided a very 

interesting history of the development of artificial 

incubation to modern times. 

The phenomenon of a hatching egg has drawn the 

attention of malty people through the ages for all have 

wondered at the ability of this biologically distinct 

entity to nurture within it an embryo which after the 

process of incubation finally emerges from the egg as a 

chick. Their interest has been accentuated by the fact 

that some eggs hatch, others do not; most produce normal 

chicks, some abnormal chicks. There is no knowing until 

the eggs have ben incubated. The aura of mystery remains 

but at least some of the conditions which determine the 

fate of incubating eggs have been wholly or partly 

elucidated and it is to this sphere of knowledge that the 

present work endeavours to add. The results of previous 

investigations concerning the whole aspect of hatchability 

have been concisely reviewed by Landauer (1951) nd Taylor 



2. 

(1949) while previous work of special immediate interest 

is reviewed in close associate with and under the headings 

of the separate parts of this Thesis. 

The factors influencing the success or otherwise of 

incubation can in the first instance be attributed to the 

effect of environment or heredity and probably to their 

interaction although very little is known of this aspect. 

The subject matter herein is mainly concerned with the 

complex environmental factor which in turn can be subdivided 

into different influencing functions. This division is 

not accomplished simply since some environmental factors 

pre -determine the hatchability of the egg prior to incubatio: 

yet do not lose their influence during incubation. An 

example of such a factor is the nutrition of the hen which 

must be such that the fertile egg she lays is so constituted 

as to enable the proper development of the embryo. The 

size and shape of the egg, the texture of its shell (all to 

a certain extent determined by heredity), and the quality 

of its contents are a few of the major factors concerned 

each influencing the result of incubation. 

The factors studied in this Thesis are, however, some 

which affect hatchability only during incubation and are 

concerned with the physical environment of incubating eggs. 

The physical environment consists of temperature, humidity 

and the turning of eggs as distn, from the chemical 

environment which is concerned with the gas content of the 

atmosphere surrounding incubating eggs. Of the three 
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physical factors, the temperature at which eggs are, or 

aught to be, incubated has received most attention and it 

is safe to say that the correct temperature for successful 

incubation is known fairly accurately (circa 100°F). 

Relatively little work has been done to discover the 

optimum hnmi deity level and still less to discover the 

optimum turning rate which on being applied to artificial 

incubation would ensure the maximum success. 

The importance of artificial incub Ation, as compared 

to natural incubation of eggs by the hen, cannot be 

accurately estimated but it is probably correct to say that 

in Great Britain at the present day the great majority of 

eggs are incubated artificially. This does not decry the 

usefulness or importance of the natural method to the small 

farmer or to the investigator who would consider it as a 

basis upon which to work. 

Under natural conditions the incubation of birds' 

eggs is carried out in diverse climatological regions and 

equally diverse situations from the common tree nest to the 

upper surface of penguins' feet, from the insecure cliff 

ledge to the depths of a collection of decaying vegetable 

matter commonly used by the Brush Turkeys of Australasia 

whose eggs remain virtually unattended during incubation. 

This "nesting" habit of the Brush Turkey represents in 

Nature a degree of artificial incubation not usually 

associated with wild. birds. Obviously then incubation 

environments must vary greatly throughout Nature and there 
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must have been selective adaptation of the species to the 

varied environments involving the constitution of the egg. 

Therefore, although the diversity produced by evolution is 

of great interest and some usefulness to the present study, 

care must be taken, firstly in avoiding possible misleading 

aspects of it and secondly, in relating the natural 

phenomena to the requirements of the Domestic Fowl. 

Surprisingly little is known of the conditions 

prevailing in the Hen's nest and the obvious lack of interes 

may be accounted for by the very great efficiency of 

artificial incubators and the necessity for mass production 

methods superimposing their influence and importance. 

These issues dominate the present -day' scene and so it was 

decided, having in mind the foregoing discussion, to 

concentrate on the study of humidity and rate of turning 

as applied in artificial incubation. 

Arising out of this work a study of the significance 

of embryonic orientation just before hatching on hatch- 

ability and the hatchability of some previously accepted 

lethal Malpositions was carried out using a technique which 

as far as can be determined had not been used previously. 

The technique involved the X- raying of eggs prior to 

hatching thus enabling the position of the embryo within 

the egg to be observed without its sacrifice. 
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T. General method of experimentation. 

The experiments on the effect of varying levels of 

humidity and rates of turning during incubation on the 

hatchability of eggs were carried out using two incubators 

of identical design, henceforward designated as the CONTROL 

and TREATED incubators. The eggs in the TREATED incubator 

were subjected to one level of the particulPr factor under 

study and simultaneously a CONTROL hatch was run. A 

series of experiments carried out at various levels of the 

factor were compared with the corresponding CONTROL hatches. 

The physical environment in the CONTROL, incubator remained 

the same throughout the series of experiments. 

The differences between the TREATED and CONTROL hatches 

were examined and plotted on graph paper which yielded not 

only the general pattern of the effect of varying levels 

of humidity and rates of turning but i3.cated also the 

optimum levels and some of the factors responsible for the 

results. 

The following considerations each contributed to the 

reason for adopting this experimental procedure. 

(i) Since the series of experiments were 

to be carried out in all seasons of a number of 

years with a changing population of birds the 

variation in hatchability thus accruing had to 

be taken into account. A method where a 

succession of experiments at different levels of 

the factor concerned is performed without a 
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control is open to question unless very large 

numbers of eggs are used. 

(ii) The availability of suitable 

incubators; conditions would be ideal if one 

large incubator were used in which a series of 

experiments could be carried out at the ssme 

tire. The impracticability of this is obvious 

especially with regard to the study of humidity. 

A number of incubators simultaneously 

working at different levels of the factor would 

yield satisfactory comparative results but this 

would be dependent on the supply of a greater 

number of eggs at any one time than was available 

for the present study. 

(iii) The supply of numbers of eggs 

sufficient to show statistically significant 

differences between treatments was recognised 

at the outset as being a limiting factor. On 

taking into account the variation in the hatch- 

ability of eggs (apart from any seasonal variations) 

approximately 500 fertile eggs would be needed 

per treatment to show a 5% difference in hatch 

between treatments to be statistically significant 

when the average hatchability of the eggs is 80%. 

If the average figure dropped to 70% then 672 

eggs per treatment would be required to show a 

5; difference in hatch to be statistically 
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significant. Similarly if the difference looked 

for was to increase (say at extreme treatment 

levels) then the number of eggs required would 

decrease and vice versa. 

This estimation of sample size (large 

samples) was made using theethod of Snedecor 

(1956: P 501 -503) with the formula: - 

!, sigma 
2 

L2 

4 x 2 x Dg (for binomial proportions 
D2 and 2 treatments) 

where n = sample size 

p = % hatch 

q = % unhatched 

and D = the required difference in hatch 

between treatments. 

Where possible, guidance obtained from 

these computations and from relevant published 

work was used in planning the experiments. 

In attempting to reveal some of the reasons for the 

observed effect on hatchability all eggs which failed to 

hatch were opened out and a gross examination made of their 

contents. °Lae embryos failing to hatch were aged and 

abnormalities noted. Particular care was taken to examine 

the position in the egg of those embryos 18 days old and 

over and failing to hatch, for it was thought that the 

incidence of malpositions might be influenced by the 

experimental treatments, and hence, account in part for the 
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observed changes in hatchability. The conventional 

classification of malpositions (as shown on page 47) was 

used to group and tabulate the affected embryos. 

It was realised after some time and work that these 

abnormal positions had probably only a very small deterring 

effect on the hatching ability of nhicken embryos and were 

not wholly lethal as some of the early investigators had 

claimed. 

To clarify this problem an experimental technique ias 

used which provided. an objective method for investigating 

it. Eggs on the 20th day of incubation and containing 

assumed. normally developing embryos (as shown by candling) 

were X- rayed. to reveal the positions of the embryos within 

the eggs. By allowing these eggs to continue on to hatching 

the incidence of malpositioned embryos able to hatch was 

ascertained. At the same time in attempting to discover 

ether various rates of turning affected the positioning 

of embryos towards the end of incubation the X -ray pictures 

of all the eggs from the TREATED and CONTROL incubators were 

alysed and the positions of the embryos classified. Also 

he bray in which the embryo orientates itself towards the 

nd of incubation was clearly indicated by X- raying each of 

number of eggs once per day on the 18th, 19th and 20t71 days 

f incubation. 

II. The Source ofs. 
The eggs used for hatching in the series of experiments 

from 1956 -59 were obtained from a closed flock of pure -bred 
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Light Sussex birds, maintained at the Veterinary Field 

Station, Easter Bash, and known to be free from Salmonella 

pullorum infection. The breeding programme adopted during 

the years 1957-59 was one in which family selection for 

high egg production and low incidence of diseases included 

under the general term "Leucosis complex" was simultaneously 

promoted. using the Lerner 3ystem (1950). Prior to this, 

simple family testing was carried out whereby the superior- 

ity of the birds chosen for future breeding was determined 

during their first laying season in battery cages and they 

were then bred from in their second season when managed on 

free range. With the Lerner system the two acts were 

carried out simultaneously in the pullet year thus halving 

the generation interval and consequently eliminating the 

need for breeding from birds in their second laying season. 

However, in order to provide eggs for investigational 

purposes a number of birds were transferred from the 

battery cages at the end of each annual test to free range 

houses where they were managed for their second laying 

season. 

Although the majority of eggs used were laid by the 

hens on free range - a system generally accepted as being 

superior as a source of hatching eggs - eggs from the 

pullets in the battery cages were also used but only during 

the breeding season (spring replacement hatch) of the years 

1957-59. Fuller details regarding source of eggs for each 

experiment is obtainable in the text. 
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In order to breed from the gullets in the cages the 

technique of Artificial Insemination was used which proved 

to be a highly satisfactory method of obtaining good hatchin 

eggs. Further advantages were that the parentage of each 

egg was easily recorded and the number of dirty eggs very 

greatly reduced. The pullets which were selected for 

breeding were fed a Breeders mash one month before the first 

eggs were collected for hatching and during the hatching 

season. The birds on Free Range were fed a Breeders mash 

supplemented with a grain ration. 

III. Egg Treatment Prior to Incubation. 

The collection. story s_lection and settin of s for 
ha.tchinn,. 

eggs were gathered daily, cleaned by scraping where 

necessary and stored in the egg room where the temperature 

was maintained between 45 -55 °F. The eggs were held in 

cardboard sgg trays with their broad ends uppermost and 

remained unturned during the storage period which was never 

longer than 7 days for any egg. When the eggs were mìrked 

individually with the number of the hen this was done at 

the time of collection and on the narrow half of the eggs 

so that the chances of having the number obliterated at 

hatching time would be considerably reduced. 

In selecting the eggs for setting, attention was first 

aid to their size and shape and those which were grossly 

bnormal in either respect were rejected on the grounds of 

educed hatchability (Olsen and Haynes 1949, and others). 

econdly, all the eggs were candled prior to setting to 
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eliminate those with cracked shells, large blood spots, 

floating air cells or with any aberration prejudicial to 

their hatching. At the same time the position of the air 

cell in the egg was noted and the eggs set in the egg tray 

with this uppermost or in other words, they were setstandinß 

bn their small ends with their long axis perpendicular to 

the tray and having the large or broad end uppermost. The 

location of the air cell also facilitated the correct 

positioning of a few eggs which were not truly ovoid. 

Unbiased allocation of eggs to the respective treatments 

was carried out by setting alternate eggs, as soon as they 

were canaled,in a tray of each incubator. The number of 

eggs from flock, group or individual bird was, as far as 

possible, equated in each incubator. The trays containing 

the eggs were then placed in the incubators at the same time. 

IV. Apparatus and Instrumentation. 

(i) Incubators, description and operation 

(ii) Humidity, method of supply and recording. 

(iii) Turning, method of adjustment. 

(iv) Carbon dioxide measurement of atmosphere in incubato 

(i) Incuba &ors. 

The incubators used for experimentation are shown on 

Plate 1. They were situated as near to one another as was 

compatible with ease of movement around them and about 2 feet 

away from the wall. Soft rubber mats were placed unuer them 

to reduce the slight vibration associated with the wooden 

floor of the incubator room. 

The incubators, of a well known and successful 
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,PLATE i. 

The Tri.-Cr D and CONTROL incubators with accessory 

inst rmerits: the design of which is illustrated by the 

lettered parts thus: - 

A - The Drum 

B - Revolving paddle 

C - Water Bath 

D - Hatching They 

E - Thermometer 

F - dater reservoir : supply for Wet bulb 

G - Entrance to incubator of water tube supplying 

trough (Humidity recording apparatus) 

H - Cambridge Thermograph Recorder 

I - Driving motor for turning mechanism 

J - Capillary tubing leading to Wet and Dry 

thermometers. 
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commercial design, were of the same capacity holding at a 

maximum approximately 928 eggs. Their construction was 

identical and suitable to the experimental work to be 

carried out (Adaptations for the purpose of altering the 

incubation envirnonment and recording it are described later. 

The entire shell of the machine was insulated with mineral 

wool held between metal inner and outer layers. In order 

to describe the parts of the incubators and their function 

clearly the door of one has been opened and the parts lettere 

A The Drums consisted of a tubular metal frame 

supported within the incubator by side axles, 

containing six trays capable of holding 

approximately 700 eggs seated small and down. 

The normal position of the drum was such that 

the trays were at a 45 °angle to the horizontal 

when they were tilted either forward or backward. 

"Turning" or tilting the eggs was carried out 

mechanically by the rotation of the drum, forward 

or backward, through a 900 angle, as illustrated 

in the diagram below. 

Incubator, section: side view 
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The turning mechanism was controlled by a clock 

which activated the motor (I) through a two-way 

switch device at required intervals. A metal arm 

situated on the outside of the incubator (to the 

right as viewed) connected the motor to the drum 

axle. Direct control over the rotation of the 

drum was available externally and outwith the timing 

circuit. 

B The revolving paddle or fan: consisted of four blades 

which were made to revolve around the drum thus 

distributing heat evenly throughout the incubator 

from the electrical heating element situated at 

the back of the incubator and on a level with the 

letter E. Motor (K) provided the driving force 

for rotation, the direction of which was from back 

to front. A linked belt (clearly seen to the left) 

conveyed the power from the motor to the paddle and 

it was found necessary to check the tension of this 

belt at regular intervals to avoid slip. 

C The water bath: provided by the manufacturers as a 

means of holding water the evaporation of which 

created humidity. The humidified air was dispersed 

throughout the incubator by the revolving paddle. 

The evaporative surface of the water in the bath 

was 1716 sq. ems. and when mwintained at that 

produced a relative humidity of 65% at the working 

temperature of the incubator, 99.5°F. 
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D The hatching tray: situated at the base of the incubator 

having a capacity of approximately 190 eggs. More 

eggs than this could be hatched at any one time 

by holding them in a tray situated behind the 

water bath and above the hatching tray. Dividing 

panels were included when pedigree or family 

hatching was taking place (Illustrated on Plate 32) . 

E Mercury Thermometer (Fahrenheit): the outward 

extension of the thermometer which detected internal 

temperature and from which the setting of the ther- 

mostat was regul lted. The thermostat situated 

just behind the thermometer consisted of an ether - 

filled, heat sensitive capsule which on expansion 

or contraction activated a micro- switch controlling 

the supply of electricity to the heating element. 

Therefore, the thermostat controlled, and maintained 

constant, the temperature inside the incubator 

its setting being adjusted externally. The range 

of temperature recorded and observed on the 

thermometer was 2°F (98.5 - 100.5 °F) when the 

incubator was operating properly and this was 

accounted for by the time lag in the heating element. 

A check on the operating temperature was available 

from the temperature recorded by the cry bulb of 

the humidity recording apparatus described later. 
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(ii) Humi i method pf suRoly_and rvordi.ng. 

As indicated in the foregoing section, the method of 

adding water vapour to the atmosphere within the incubator 

adopted by the Manufacturers was by the use of a bath from 

which water was evaporated. Various levels of humidity 

could be obtained by varying the area of the evaporative 

surface which on the reduction side was simple to carry out 

but very cumbersome on the addition. To increase the level 

of humidity by increasing the size of the water bath would 

have prevented easy manipulation and reduced hatching space. 

Accordingly it was decided to raise the temperature of the 

water in the - bath (C) to create a more rapid rate of 

evaporation and hence increase the humidity in the incubator. 

Below 65% R.H. (the normal working humidity of 

incubator) the humidity level was altered by reducing the 

surface area of water in the incubator. Coarse adjustment 

to the required humidity was obtained by introducing smaller 

water baths, while fine adjustment was brought about by 

partly immersing metal blocks in them. The required levels 

of humidity were obtained before each experiment (and 

adjusted when necessary), the method of measurement being 

described later. The area of water maintained throughout 

incubation which gave the required humidity levels is 

listed on the next page. 
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Area of water 
(Sq. cm. ) 

% 

1716 65 

1716 (not maintained: 60 

Manufacturers' method) 
684 55 

141 50 

Nil 40 

The apparatus used for raising the temperature of the 

water (and hence humidity) in bath (0) is illustrated on 

Plate 2. It consisted of a small electric immersion heater 

(75W) and a thermostat which was attached to the under side 

of the bath. The temperature of the water in the bath was, 

therefore, maintained constant by the setting of the 

thermostat and to any required level. (The type of apparatu 

used here is similar to that used for controlling the 

temperature of fish tanks.) The actual setting of the 

thermostat for the required humidity level was found by 

trial, the levels obtained being recorded by a standard 

wet and dry bulb thermograph recorder supplied by the 

Cambridge Instrument Co.,Ltd. 

The accuracy of the wet and dry bulb method of 

measuring relative humidity over a wide range depends to 

a great extent on the proper ventilation of the wet bulb, 

for, if it is not properly ventilated the results obtained 

will be higher than actual. When ventilated the method is 

regarded as being accurate to 1; and of the various systems 
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PáAZ E 2. 

Upturned water bath showing fish tank thermostat 

fixed to base and 75 KW. immersion heater. 
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of measuring and recording humidity it is considered one 

of the more accurate (H.M.S.°. 1955, report of the National 

Physical Laboratory, U.K.). The rate of air flow over the 

wet bulb requires to be 6 ft./sec. to give accurate results 

over a wide range of humidities. 

The apparatus, described below, was tested after it 

was installed in the incubator. It was found, by position- 

ing a ::egretti and Zambra anemometer alongside the wet bulb, 

that the air flow created by the revolving incubator paddle 

(B) was only 4 ft./sec. Further tests were therefore 

carried out to investigate the need for additional 

ventilation in the range of humidities which were to be 

studied namely 40-80* 71.H. With the incubators running at 

each of these humidity levels for 24 hours, additional 

ventilation to the extent of 20 ft. per sec, anti provided 

by an electric fan previously installed in the incubator was 

passed over the wet bulb which did not record a drop in 

temperature. This method of recordingrelative humidity 

within he range stated was therefore taken to be accurate 

with the 4. ft./sec. air flow provided by the incubator 

paddle. 

The recording graph (H) Plate 1, was fitted with two 

pens connected by lengths of capillary tubing (J) to two 

sensitive mercury-in-steel bulbs (thermometers). One of 

the thermometers was arranged to measure the temperature 
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PLATE 3. 

An example of graph recording (24 hours) of Wet 

aria Dry bulb thermometers in CONTROL incubator. Relative 

Humidity = b5;ß. 
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in the incubator in the normal manner, while the other 

was saturated with moisture by a fabric covering or wick 

which dipped into a trough filled with water. This trough 

was positioned inside the incubator behind the letter G 

which also indicates the point at which the water tube 

supplying the trough entered the incubator. The water tube 

was connected to the water reservoir (F). The two 

thermometers were mounted on this trough which was fitted 

with a ball cock so constructed as to maintain a constant 

level of water. The respective temperatures were recorded 

on 24 hour graph paper (Plate 3, 65% R.H.) and were used to 

determine the relative humidity from tables especially 

prepared for the ventilated wet and dry bulb system 

(Negretti and Zambra) and checked against a psychrometric 

chart (Bedford 1946) . 

Although the thermographs were calibrated by the 

Cambridge Instrument Co. before despathh they were again 

checked before use and at regular intervals throughout the 

experimental period. This was performed by holding the 

two bulbs (without wick) of each system in a constant 

temperature wat7 bath held at 100°F and adjusting the pens 

to read the actual temperature. 

The relative humidity for each incubation period was 

determined by averaging the daily humidity which was obtained 

from one reading at a set time each day. This method was 

found to give an estimate of humidity similar in accuracy 
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,FLATL 4. 

Turning mechanism of incubator indicating the 

driving motor to the left and the timing clock to the right. 
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wheel in 24 hours) . 

The time taken for the drum to travel through the 900 

turning arc remained the same (3 mins.) for all rates of 

turning and the interval between turns remained regular, 

day and night, throughout incubation. 

(iv) Carbon - ioxide,,, measurement of_atmosghere in incubator 

Since the design of the incubator omitted the provision 

of controlled ventilation and since it is generally agreed 

that the level of carbon -dioxide in incubator environment 

should not rise above 1% for good hatchability (Romanoff 

and Romanoff 1933, Ba.rott 1937, Sadler et al 1954, Romi jn 

1955) it was considered expedient to test the level of 

carbon- dioxide in the experimental incubators when working 

at full capacity in case improper levels of the gas were 

present which would affect experimental results. 

The apparatus used for measuring the carbon- dioxide 

content of the incubator atmosphere is illustrated in 

Plate 5. It consisted of a Gas Analysis Meter (top left) 

which depended on the measurement of the Thermal Conductivity 

of the oarbon- dioxide and a Recorder (centre L), where the 

changes in conductivity, or carbon- dioxide content, were 

recorded by a pointer, activated by a moving coil galvano- 

meter, on a clock driven chart. The apparatus was a standar 

piece of equipment supplied by the Cambridge Instrument Co., 

and operated according to issued instructions. The air was 

extracted from the incubator and passed through the meter 

by a small bellows pump (at base, to the right of Recorder). 



26. 

PLATE 5. 

the Cambridge CO2 Recorder apparatus. 
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The end of the rubber tube conveying the air to the pump 

was held at water bath level within the incubator. 

In order to avoid erroneous reading, due to dusty 

conditions at hatching time, a test was carried out for a 

two day period prior to the start of one hatch. The 

incubator contained approximately 150 eggs incubated to the 

13th and 19th day, approximately 200 eggs at the 11th, and 

12th days of incubation and a further 200 eggs at 4th and 

5th days of incubation. At this time the production of 

CO2 in the incubator by the developing embryos would be 

approaching its maximum and if the CO2 content of the 

incubator atmosphere was high the ventilation system could 

be faulted. However, the results of the test showed that 

the level of carbon -dioxide never rose above 0.5% during 

the two days of test, and therefore, the ventilation was 

regarded as being satisfactory at that time and throughout 

the incubation period when the incubator was working at full 

capacity or lass. A similar test was carried out on the 

second incubator a week later when the stage of incubation 

of a similar number of eggs was identical. No appreciable 

difference in result was detected from the first test as 

would be expected since the incubators were of identical 

design. 

V. Incubation Praçtice. 

A few hours before each experiment was started the 

incubators, which were previously thoroughly cleaned using 

a deter.ent solution, were set in operation so that the eggs 
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would be placed in the physical environment desired. 

When successive hatches were being taken the latter act 

was obviated but a:high degree of cleanliness was maintained 

at all times. Fumigation was never carried out. 

Routine inspection of the incubators and their 

associated instruments was made reg nil,arly morning and late 

afternoon. They were, however, under more or less 

continuous surveillance through the day and any adjustment 

needed to maintain their correct working was executed as 

the occasion arose. Particular attention was paid to the 

maintenance of the proper temperature in both incubators 

and to the alignment of each in this respect. Fortunately 

the one operator was responsible for the day to day running 

of the incubators for all the experiments which in no small 

way enhanced the accuracy of the results. 

Operations such as the following which required the 

opening of the incubator doors were kept to a minimum and 

when this was necessary the time during which the eggs were 

subjected to cooling was as far as possible short and 

similar for both incubators. 

The water baths were changed and topped up regularly 

every morning except in the TREATED incubator when running 

at low 'timidity. This operation was carried out so quickly 

that no fall in temperature vis recorded on the thermograph. 

At frequent intervals the eggs in the trays were 

examined and those which had altered their position from 
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standing on their small ends were corrected. 

The candling of eggs during incubation was performed 

not to detect infertility so much as to detect the reasons 

for mortality and it was thus considered necessary only at 

the 18 day stage, after which the eggs were transferred to 

hatching trays from which the hatched chicks were taken on 

. the 22 nd day. In order that the hatching ability of the 

eggs should be fully tested those remaining on the 22nd day 

were left for a further 24 hours and then all eggs failing 

to hatch in both incubators were broken out and their 

contents examined. None of the hatching chicks were 

assisted from the shell. 

For hatching to proceed quickly and unhindered 

sufficient space in the hatching compartments was observed 

to be important and care was taken in equating the two 

incubators in this respect. Further, to eliminate the 

factor of empty shells preventing or hindering the emergence 

of any chick the hatching compartments were regularly 

emptied of these broken shells during the hatching period. 

VI. The examination of unhatched ems. 

All eggs failing to hatch were broken out for examinatio 

the m6thdd adopted being exactly the same in all its aspects 

for eggs from the TREATED and CONTROL incubators. Two 

114 :jor groups constituted the unhatched namely eggs, 3mely infertiles 

d unhatched fertiles. The detection of infertiles and 

ome dead -in- shell was carried out initially by candling on 
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the 18th day of incubation and subsequently checked by 

examination while the remaining portion of eggs failing to 

hatch were obtained and examined after the23rd day of 

incubation. 

INFERTILE EGGS 

Eggs in which no definite development of the blasto- 

dermal disc could be seen either with the naked eye or hand 

lens were classified as infertile. It was appreciated 

that some embryos would have died during the pre- oviposital 

stage (Kosin 1944, 1945; Gowe 1950) and perhaps during the 

pre -incubation period also, but since these deaths would not 

reflect incubation treatment no great attention was paid to 

their distinction. This means, however, that the absolute 

figures for fertility are probably slightly lower than 

actual. ?late 6 illustrates an infertile egg which was in 

the incubator for 13 days. The overall picture is very 

similar to a fresh infertile egg except for some clouding 

of the white which also is in a more liquid state. The 

yolk is still contained. by the vitelline membrane which 

appears unchanged. and the blastoderrnal disc (central whitish 

area) shows no obvious development. 

FERTILE EGGS 

As explained above early embryonic death (pre incubation 

was disregarded. ;embryos dying during incubation were 

examined macroscopically any classified. in the first instance 

according to their age at death estimated to the nearest day. 
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Subsequently, for the analysis of experimental results, 

embryos failing to hatch were re- classified into age groups 

0 -10 deys; 11-17 days; 18 -21 days (signifying to the end 

in incubation). Age group analysis, in place of day to 

day mortality analysis, enabled a clearer picture of the 

relative trends in mortality to be discerned, especially 

where the number of embryos dying was small. In such 

instances the graphic representation of daily mortality, 

for example, may result in a biased interpretation of 

results since the total number involved may have died on 

one or two days. The selected age groups were chosen on 

account of their close, relationship to the usual pattern 

and distribution of :irtality in chick embryos (Landauer 

1951):- '+mbryos occurring in the last group were further 

examined for certain conditions and classified under 

headings discussed later. 

For the present it is interesting to note the 

development of a normal chick embryo from which guidance 

in the ageing of dead embryos was obtained. A series of 

photographs illustrating the daily development of the chick 

embryo is given in the following pages with a description 

of the salient distinguishing features of the embryo which 

were used to estimate age. The pattern of development 

follows that given by Lillie (1952) in his study of the 

embryology and development of the chick but without the 

microscopic detail he gives. The work of Maffey (1955) 
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was also used as a basis for ageing and the examination of 

dead -in- shell. 

The photographs of embryos and other egg contents are 

arranged in chronological order of development from the age 

of 1 day to 20th day, with two consecutive days of 

development to one page. The embryos chosen for photo- 

graphing were selected from a number as being representative 

of the stage reached at 24 hour intervals of incubation. 

In order to avoid undue repetition in the descriptive note 

of each stage the factor of size, although a most important 

criterion of the ageing method adopted, has been omitted. 

It was evident from the study of the daily development of 

normal embryos that size was a variable factor but when used 

in conjunction with the anatomical changes in development 

gave an estimate of age suitable to the present study. On 

viewing the photographs in succession, the increasing size 

of the embryo can be appreciated, since the same magnifi- 

cation (normal size) was used throughout with the exception 

of the 1st day where double normal was used. 

It will be remembered that the experimental eggs were 

not examined until the 18th day of incubation and in that 

time it would be expected that the egg contents of those 

which had not developed normally would undergo a certain 

degree of change. It was found, however, that where obviou 

bacterial degeneration (infrequent) did not occur, the 

anatomical features of embryos 4 days old or more were usually 

as obvious as in the normal specimens. Ageing of younger 

embryos presented difficulty in some cases but generally, 
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PLATE 6. 

The yolk and albumen of ari infertile lttdAy incubated 

egg. Note the underdeveloped blastodermal disc towards 

the centre of the yolk. 
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PLATE 7. 

Age of Incubation: 1 day. 

The developing embryo appears as an elongated whitish 

area on the yolk. The pr1 m1 tive streak can be seen with 

a strong hand lens in some cases. The zones of blastoderm 

are clearly visible as alternate dark and light rings around 

the embryo being the area pellucida and opaca, respectively. 

Area vasculosa is not visible. 

PLATE 8. 

Age of Incubation: 2 day. 

The spread of the blastoderm over the yolk is plainly 

visible, the blastoderm being lighter in colour than the 

yolk material. Centrally placed within the circular 

blastoderm area is the developing embryo clearly visible to 

the naked eye. Area vasculosa is becoming visible. 
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PLATE 9. 

Age of Incubation: 3 day 

The vitelline membrane surrounding the 
yolk is broken 

here (as fre:_,uently occurs in breaking 
out eggs) allowing 

spread of yolk material. Lying on the membrane (wrinkled 

appearance) is the embryo showing distinct 
cervical flexure. 

The embryo is relatively large and easily seen. 
The area 

vasculosa is plainly visible. 

PLATE 10. 

Age of Incubation: 4 day. 

Size of embryo and area vasculosa is shown in relation 

to the egg which has the shell from the broad end removed. 

The outline of the embryo is not clearly seen here since it 

is slightly submerged but on closer examination the curvature 

of the dorsal line from the hind -brain to tail is usually 

obvious. The dark area between the head and the body of the 

embryo is the heart and not the eye, which at this stage is 

not deeply pigmented. The blood vessels of the area vas- 

culosa are considerably thickened and very apparent. The 

amnion, enveloping the embryo, is usually easily distinguished 

at this stage. Although represented as a c3.arkened area 

here, the amniotic sac and fluid are translucent. 
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PLATE 11. 

Age of Incubation: day. 

The eye is plainly visible, darkly pigmented and 

circular in outline. The development of the mid brain is 

pronounced. The allantoic membrane is also clearly 

distinguished as a vascular sac slightly smaller than the 

embryo. The allantoic artery (small) is seen towards the 

tail of the embryo. 

PLATE 120 

Age of Incubation: 6 dev. 

Wing and leg development is fairly obvious at this 

stage. The beak is usually seen in profile. 
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PLATE 13. 

Age of Incubation: 2_,L x, 

The embryo is seen in this photograph lying centrally 

within the amniotic sac (clear area around embryo). At 

this stage the embryo has a distinct neck formed by the 

rapid growth of the portion of the embryo between the 

heart and the head. The bbdomina.l viscera begin to protrude. 

PLATE 1.. 

Age of Incubation: 8 day. 

The size of the mid brain begins to decline in relation 

to the facial region. The visceral protuberance is clearly 

distinguished. Using a hand lens feather germs are visible 

on some parts of the body, those on the mid -dorsal line 

being the most conspicuous. 



-.T
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PLATE 15. 

Age of Incubation: 9 day. 

The beak is clearly discernible, there being a 

distinct lengthening from the previous stage and, in 

addition, the egg tooth lias a ),,L., .red, The eyelids have 

begun to overgrow the eyeball and the circumference of the 

eyelids has become ellipsoidal. 

PLATE 16. 

Age of Incubation: 10 day. 

Digits and toes are easily seen since the webs between 

them have become inconspicuous. Feather germs are 

plainly visible in their respective tracts over most of 

the body and wings. 
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PLATE 17. 

Age of Incubation: 1.1. day. 

The contour of the head is smoothly rounded (as 

indicated) and the circumference of the eyelids now 

bounds a much- narrowed and ventrally flattened biconvex 

area. The feather germs are most conspicuous. 

PLATE 13. 

Age of incubation: 12 day. 

Feather down is clearly discernible along back and tail. 

Claws of toes can be easily seen. Coils of intestine are 

usua;ly obvious. Note size of thick albumen material seen 

on other side of yolk to embryo. The embryo is within the 

amniotic sac which reaches its miximum size at about this 

stage. 
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PLATE 19. 

Age of Incubation: 13 day. 

Feather development between this stage and the previous 

is considerable, due to great increase in length of feather 

germs over most parts of the body except the head. The 

eyelids are closed. 

PLATE ,2a. 

Age of Incubation: llt.gaC 

Feather growth is now apparent on the head and 

especially around the eyes. There is a reduction in 

volume of thick albumen and leg scales become apparnt. 





42. 

PLATE' 21. 

Age of Incubation: 15 da.v. 

PLATE 22. 

Age of Incubation: 16 day. 
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PLATE 23. 

Age of Incubation: 17 day. 

PLATE 2/.. 

Age of Incubation: 18 day. 

Intestinal coils usually no longer visible from this stage 

onwards. 
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?LATE 25. 

Age of Incubation: l) da_,r. 

PLATE 26. 

Age of Incubation: 20 day. 

Yolk in process of inclusion. 
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PLATE 27. 

18/19 day embryo in normal position within the egg as 

viewed from the broad erie of the egg. The embryo's head is 

turned to its right across the breast with the beak under 

the right wing. 

PLATE 28. 

Initial stage of pipping occurring from the 20th day 

onwards. Pipping normally occurs towards the broad end 

of the egg. 

PLATE ' . 

Egg opened out to show embryo in normal position at 

hatching time. 
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PLATE 30. 

Egg showing a later stage of pipping which continues 

round the egg to form the "lid ". 

PLATE 31. 

Newly hatched chick: approximately 12 hours old. 

PLATE 32. 

Sub- divided hatching tray containing chicks and un- 

hatched eggs. 



' 
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z tion of unh ached embrros: 1 s of a e or over. 

. Teralp4. 

Zmbryos were examined for teratalogical abnormalities 

and if manifest were excluded from further classification. 

In the final analysis the few observed terata of estimated 

age 10 -17 days were included. 

Positio of embryo in shell: Mralnnsitionsl. 

As the shell was carefully removed from around the 

embryo the position of the embryo was noted, having 

previously observed whether the shell was pipped or not 

pipped. The positions into which the embryos were classi- 

fied are listed. below, being the positions commonly found 

and recognised by the majority of workers in this field of 

investigation. 

NORMAL: The long axis of the embryo coincides with long 

axis of the egg. The head is bent forward over the breast, 

and turned to the right with the beak under the right wing 

and pointing towards the air space in the broad end of the 

egg. 

CONVENTIONAL MALPOSITIONS: 

I. Head between thighs - Plate 33 

II. dead in small end of egg. - Plate 34 

III. Head to left instead of right. - Plate 35 

VI. Soak above right wing instead of below. - Plate 36. 
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PLATE 33. 

MALPOSITION I: Head between thighs. 

The position of the unhatched chick illustrated is very 

similar to MALPOSITION V - feet over head. The shell has 

be.m removed from the egg while placed on its small end to 

disclose the embryo's head tucked in between the thighs 

(i.a. pointing into the page). The feat are positioned on 

each side of the neck -a rather exaggerated position for 

Malposition I. Generally, the head and beak are pointing 

to the small end of the egg on or about the median line of 

the embryo instead of across the breast pointing to the 

embryo's right as in the normal. 

PLATE 34. 

MALPOSITION II: Head in the small end. 

in X -ray photograph is used here to demonstrate clearly 

the position of the embryo and the relationship of the air 

cell (broad end) to the embryo's head and beak. Nota that 

the embryo's longditudinal position in the egg is reversed 

compared to the normal with the spine (on the left of the 

picture) extending from the head (lower central) in the 

small end of the egg to the pelvic region partially 

obliterated by the air cell which ows un here as a 

distinctly defined dark area at the broad end of the egg. 
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PLYTE 35. 

MALPOSITION III: Head to the left. 

In this position the head is turned across the breast 

to the left instead of the right with, in some cases as 

depicted here, the beak under the left wing. Variations 

of the position of the beak are common. 

The position is illustrated by the photograph opposite 

of an afflicted embryo held in the remains of the small end 

of the eggshell and viewed from above. On the left of the 

picture, below the exposed portion of the gold sac and 

immediately below a part of one foottis seen the head turned 

to the embryo's left and partially covered by the left wing 

from under which protrudes the upturned beak. 

PLATS 36. 

MALPOSITION VI: Head above right wing. 

The shell from the broad end of the unhatched egg in 

this photograph has been removed to expose the embryo 

positioned normally (viewed from above) except for the fact 

that the head and beak are above instead of below (the 

accepted normal) the right wing. The beak of this embryo 

had pierced through the chorio-allantoic membrane into the 

air cell before it had died. The torn edge of the membrane 

can be seen to the posterior end of the beak. 
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The above classes were taken from Landauer (1951) 

after Sanctuary (1924 -25) Hutt (1929), Hutt & Pilkey (1934) 

and others. In all, six Conventional Malpositions have 

been classified by these workers including the following 

two: - 

IV. .Embryo rotated in such a way that the beak is not 

directed toward air cell. 

V. Feet over head. 

'Embryos found in Malposition IV were not classified 

separately here not only due to the fact that their recog- 

nition was extremely difficult but also to their very low 

incidence. This difficulty was due to the air cell forming 

above the embryo (not to the side) resulting from the method 

of orientation of the egg during incubation (large and up). 

The incidence of this category was shown by Byerly & Olsen 

(1936b) to be very small in eggs incubated large end up and 

one fifth of that in eggs incubated horizontally. 

Wposition V is of very low incidence, doubtful 

significance and very similar to Mal position I. Hence the 

few embryos whose positions tended towards "feet over head" 

were classified under Malposition I. Where no defined 

position was observed, embryos were classed under a 

"miscellaneous" heading. 

Although combinations of certain positions were found 

(e.g. II and III) they were not studied until the X -ray 

technique was used to ascertain their hatchability. All 

embryos with their "heads in the small end" irrespective of 
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the direction of the head were classed under Malposition 

21tita G21440.211A 

Obvious conditions, e,;;. Clubbed down, Bur-at yolk, 

were observed in some cases and embryos in which these were 

manifest wore classified separately. If, however, they 

ooca. red in matposl.t.ioned embryos they were regarded as 

being of secondary importance. 

VII. The 
. 

§tati stimrl Areapprkt pf Uat,o,b,. 

Although hatchability is comc>ul,y and understandably 

exprc:ssed in and fudged by a percentage, a statistical 

technique (Cb.i»*squs...re Test), which avoided its use, wes 

adopted for trnalps3.ng the experimental resul.ts. The method 

cheaaen since it obviated the need for transforming the 

peraezetages and it eliminated cRy possible bias which might 

arise out of the unavoidable no:: for analysis of unequal 

numbers of fertile eggs. This test gives a truer emphasis 

to a result which involves SO eggs hatching out of 100 

compared to 40 eggs out of 50 although each is an 80% hatch. 

;,,ch experirre2atal. result (Treated versus Control) una 

tested by this method after Inede:cr~ (1',}36 +Arpt?-. 9). The 

following is an ?xampl.e of a *amputation, using the results 

of the experiment in Section IT Part (l) of this Thesis in 

which the hatchability or eg6s turned once in two days is 

com.p4red with the Control (24 turns per day) in two trials. 

was 



Trial 

TABLE 1 

Hatch results of experiment: eggs turned 1:2 days V 24 turns per day. 

Abstracted from Table (1) Appendix II. 

Turns No. Fertile 
per Eggs 
Day Set 

1 1 in 2 84 

24 103 

No. No. Fertile 
Eggs Eggs 
Hatched Unhatched 

52 32 61.9 

82 21 79.6 

2 1 in 2 141 90 

24- 138 115 

51 

23 

63.8 

83.3 
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4xamole: See Table 1 for data. 

Trial 2 x 2 table 

T C Total 

Hatched 52 82 134 

Unhatched 32 21 53 

Total 84 103 187 

Chi -square = 187 ( (52 x 21) - (82 x 32) ) 2 

84 x 103 x 53 x 134 

= 6.301 

Trial 2 

A similar calculation is made with the results of the 

second trial where Chi - square = 5.9 

Sum of Chi -- square = 6.301 * 

= 12.201 

Entering the table of Chi - square with 2 degrees of 

freedom this Chi -square reaches the 0.1% level. That is 

to say the null hypothesis is rejected and there is a 

statistically significant difference in hatchability between 

eggs turned once in two days and 24 times per day. 
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SECTION I. 

STU Id S ON THE E FSCT OF HUMIDITY ON HATCHABILITY. 

Introduction 

Of the three physical factors of incubation humidity or 

the proper level for high hatchability has caused the great- 

est controversy and divergence of opinion among workers 

daring this century. That a certain amount of humidity was 

necessary for good results was recognised earlier than this, 

but it was not until the second decade of this century that 

effective experiments were carried out to discover the 

optimum level of humidity for incubating hens' eggs. The 

reasons for the controversy have arisen from the large numbe 

of factors involved in measuring humidity accurately and in 

standnrdisin; experimental material. 

The purpose of this work was to add further information 

to the relatively small total knowledge regarding the effect 

of various levels of humidity on hatchability and by that 

indicate the optimum level. 

Lamson & Kirk:)atrick (1913) in a series of experiments 

have shown that hatchability was highest with q.H. (Relative 

Humidity) range of between 30% - 60% indicating 50,E - 60% 

R.H. to be the optimum and that beyond these points hatch- 

ability decreased. That such a wide range of humidity 

should produce about equal hatching rates might be very 

naturally expected, for in Nature the hen does not always 

have ideal conditions in we,îther and place for her nest. 

Romanoff (1929) found that the level of humidity in the 



54. 

the incubator affected growth rate of the embryo which was 

increased by high humidity (80% R.I1.) and decreased by low 

humidity (40% R.H.). He considered 60% to be the optimum 

level and also found embryonic growth to be retarded by 

high humidity during the last week of incubation. 

Townsley (1931) further demonstrated the effect of 

humidity on growth and development of the embryo by observin 

that eggs incubated at 99°F with humidity levels of 33;4 56% 

and 70% hatched earlier at the higher levels although the 

chicks were smaller at 70% and also 35rß. For good hatches, 

as the humidity was increased, the temperature requirement 

was found to decrease and as summarised by Landauer (1951) 

this holds good, at any rate, if humidity and temperature 

are kept at the same level throughout the incubation period. 

He continues, "The exact relationship between these two 

factors, unfortunately, has not been determined as yet and 

the need for further studies has rightly been emphasized by 

Romijn (1950). It must be kept in mind, however, that 

conditions during one part of the incubation period determin :, 

within limits, the beneficial or detrimental nature of certa 

situations daring another part, e.g. high htimidity toward 

hatching time will be necessary if sufficient evaporation 

from the eggs had occurred previously, but will be detriment 1 

if the humidity was high at all times." 

Penquite (1938) on the other hand found that humidity 

levels of 40, 62 and 80% did not influence the growth of the 

embryo during incubation when measured by either vet or dry 
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weight or total nitrogen content. It is of interest to 

note that during that investigation three distinct phases 

of growth were recognised, from 1-7 days of incubation, 

8 -16 days and 16-21 days which may support Landauer i s 

statement above. 

Using a respiration calorimeter as an incubator Barott 

(1937) was able to study the affect of temperature, humidity 

and gaseous environment on the growth and hatchability of 

chick embryos. Thus with a carefully standardised environ- 

ment from hatch to hatch except for the experimental levels 

of humidity he found the best results were obtained with 

humidity 58% and temperature 102°F, and with 61% humidity 

at 100°F. 

The first series of experiments were conducted at 102 °F 

over a range of humidities from 8 - 88 %, the hatchability 

rates being respectively 15% and 50% of fertile eggs. 

Optimum humidity was demonstrated by plotting the resulta 

obtained. The graph drawn thereby reached a peak about the 

60% humidity level, (80% hatchability). In the second serie 

the incubating temperature was lowered to 100°F and the 

experiments conducted at 30, 44,a61 and 85% R.H. 

The conclusion reached by Barott was that fairly 

satisfactory hatches were to be expected within the range 

of humidity from 40 -70, but at higher or lower humidities 

small hatches of poor quality chicks were bound to occur. 

The range of humidity he gave agreed in extent with that 

determined by r.am,on & K4rkpatrick (ibid) but the latter were 
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10% lower overall. 

With regard to growth and development of the embryo as 

measured by energy metabolism Barott found that when humidity 

was 60% it continued at a higher level throughout incubation 

than at either higher or lower humidities. When humidity 

was raised to 70% or lowered to 42 %, there was a decrease 

in energy metabolism indicating a somewhat less satisfactory 

growth. Raising or lowering the humidity still further had 

the same retarding effect on embryonic growth. The variatio 

in humidity did not have any noticeable effect on the time 

required for full development as indicated by similar hatch- 

ing times; but the lowering of the temperature in the second 

series of experiments retarded hatch by about 20 hours. 

That the amount of water eliminated by the incubating 

gg depends principally on the humidity of the air surround- 

' g the eggs was clearly demonstrated by Barott (ibid). He 

homed that water elimination and the level of humidity had 

linear relationship between 13ïß and 38% R.H. and beyond 

hese levels an increase and decrease in rate occurred, 

spectivoly. It would appear from the foregoing that water 

apour was necessary in the incub ̂ tor envirnoment not for use 

the developing embryo but as a means of preventing 

xcessive water evaporation fromthe egg, and that a proper 

evel is necessary foroptirnum hatching results. 

The rate of water elimination from the incubating egg 

Was considered to be influenced by not only the humidity 

Level, but also the temperature of incubation, by the 
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porosity of the shell, the circulation of air and the surface 

area of the shell as listed by Penquite (ibid) and it has been 

agreed by many workers that these too were important factors 

with the possible exception of the influence of air circula- 

tion (Barott (ibid)). It is difficult to see how this 

could be an important factor since it would be the level of 

hi,Mi dity of the circulating air which would determine the 

rate of water evaporation from the egg when the humidity of 

the air was optimum or above. It would certainly influence 

evaporation with below optimum humidity. 

. Weight loss of the egg during incubation has been taken 

by most workers to indicate water elimination (although CO2 

is also lost) and the greater the weight loss sustained the 

poorer the hatch (Axelson 1932; Barott & Pringle 1937; 

Penquite 193e; Mueller & Scott 1940; Henderson 1941 and Hays 

and Spear 1951). Weight loss has also been shown to be 

determined by the size of the egg (A rshall & Cruickshank 

1938), presumably due to the fact that with decreasing egg 

size the shell surface increases in proportion to egg eontent 

he size of the egg has been considered for many years to be 

important factor in hatchability, excessively large 

(greater than 65 grms.) or small (legs than 45 grms.) having 

educed hatching rates (Olsen & Haynes 1949 and others). 

Jithin those extremes Goles (1956) and Obenko & Antakov (1956 

ave shown that the smaller eggs of their experimental materi . 

d considerably bettor hatchability. But, is it not 

ossible that incubation conditions, say supra -optimal 
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humidity for example, were influencing the heavier eggs to 

fail? Very little attention has been paid to this aspect 

and it may well be that there is an optimum humidity level 

for each size of egg. 

Under natural conditions the egg seems to be self - 

sufficient in its need for water during incubation, the 

result presumably of evolutionary processes. Additional 

water is not given and not required and appears to be 

unnecessary also towards hatching time in contrast to 

artificial incubation in which raised humidity then is 

generally considered to promote better hatchability (Taylor 

1949). Cadman ( 1923) found that under the sitting hen, 

humidity tends to be lower during the later period of incuba- 

tion and reported also (ibid) that in the Chinese and 

Egyptian oven incubators additional moisture is not supplied 

before hatching yet very good hatches are obtained. 

In general little is known of the humidity levels which 

prevail under the sitting hen and while such knowledge would 

be useful it would, firstly, be difficult to obtain accurate 

due to the enforced proximity ty o* the hen to her eggs and 

secondly, would not necessarily apply to conditions other 

than the natural. 

Little information is available from published literat 

on the effect of various levels of humi dity on the pattern 

and type of mortality produced. Such information would be 

useful in further investigating the reason for the effect of 

humidity on hatchability and revealing the way in which 

increases or decreases in humidity act on the developing 
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embryo. 

Peaks of embryonic mortality are known to occur normally 

in the Domestic Fowl at two periods ofi incubation, namely 

in the first week and from the 15th day onwards (Landauer 

1951, P.161 -163). Various causes are known to increase 

embryonic mortality preferentially at one of these two 

periods and it appears that there can be little doubt that 

critical periods exist in the development of the embryo at 

which, presumably due to fundamental changes in the physio- 

logical functioning of various parts and organs, death is 

more likely to occur. No relative change in the distribution 

or pattern of mortality (known here as Periodic Mortality) 

has as yet been attributed to unfavourable humidity condition 

although it has been suggested that both high and low hurnidit 

cause high mortality at the end of incubation (Taylor 1949 P. 

218). It is probable that early death has some complex 

physiological basis which reason may also account for a part 

of the mortality or failure to hatch at the end of incubation. 

Marshall (1951) found that approximately 30% of full term 

dead-in-shell show abnormalities of the heart and great 

vessels and he considered these anomalies to be sufficiently 

significant in degree of lethality to be classed as major 

causative factors in producing dead-in-shell embryos. Viscer 

anomalies also accounted for a proportion of mortality 

according to Marshall (194$) but none of these conditions 

demonstrated by Marshall are known to be caused or affected 

by sub or supra -optimal humidity. On the other hand Romijn 
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(1950) considered anoxaeria to be a major cause of mortality 

at the end of incubation and attributed it to high levels 

of humidity. 

Malpositionin; of the embryo was at first assumed to be 

a direct cause of death or failure to hatch (Sanctuary 1924- 

25, Hutt 1929, Hutt & Caver$ 1931 and others) but with 

further investigation by Dove (1935), Waters (1935), Byerly 

& Olsen (1936a, 1936b), it has been found that some mal- 

positions may be the result o.f death or delayed development, 

e.g. Malposition 1. Although no previous work has demon- 

strated an increase or decrease in frequency of malpositions 

associated with various levels of humidity it was considered 

possible that unfavourable conditions of this type might 

predispose some of the malpositions to alter their frequency. 

Most embryonic malformations which occur in the Domestic 

Fowl have a known aetiology. The majority of these have 

either an hereditary association or are produced by nutrition- 

al deficiencies. There are, however, various indications 

that different agencies may influence the frequency of 

occurrence of malformed embryos, and unfavourable conditions 

of humidity has been tentatively suggested as one. Upp (1934), 

confirmed by Landauer (1934), found a positive correlation 

between the incidence of eye malformations and climatical 

conditions in the area. This suggested the possibility that 

humidity conditions before or during incubation or both were 

predisposing factors in the causation of these defects. It i 

generally recognised, howeiver, that poor incubation conditio 

in general involving all the factors of the environment may 
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be responsible for increased malformation frequency, a fact 

demonstrated by Landauer (1951, pp 153 -159) by the reduction 

in frequency of malformations of the head from 1.41% to 

10.22, of all fertile eggs on improving incubation conditions. 

Unfortunately in the present work the frequency of 

occurrence of malformations and other conditions, e.g. 

Clubbed down, Burst yolk etc. was so small that no positive 

trends or associations could be discerned. However, these 

factors are considered of much less significance in this 

study than those previously discussed, those which appear at 

least in part, to be responsible for the effect various 

levels of humidity have on hatchability.. 

Materials and Methode. 

A general description of the materials used and method 

of experimentation adopted is given earlier on pages 5 - 52 

With a detailed account of the method of supplying, varying 

and measuring humidity on pages 17 - 23. 

The eggs used in this series of experiments were from 

breeding hens in their second laying season and managed on 

free range except during the initial trial when the hens were 

confined to breeding pens on grass. 

The level of humidity was the only physical factor of 

incubation which was intentionally varied in the experiments. 

The operating temperature of both incubators was 99.5°F and 

the rate of turning in each, 24 turns per day (24 hours) . 

The types of experiments carried out are described 

seriatim, 
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(i) A preliminary trial was performed to 

investigate the method of supply of humidity as 

recommended by the Manufacturers' in which the 

standard water bath was filled twice per week, 

which resulted in it drying out between those 

times for periods of 12 - 24 hours. 

Seven trials were run during the Spring season 

when flock replacement hatching was in progress. 

Humidity in the CONTROL incubator was ta.intained 

at 65% R.H. by maintaining the level of water in 

the bath, while in the TREATED incubator the Tumidity 

resulting from the aforementioned treatment was 

calculated (by averaging hourly readings) to be 

approximately 60% L.H. 

(ii) Optimum humidity was investigated by running 

the TREATED incubator at a number of levels of 

humidity (maintained throughout incubation) -40 %, 

50 %, 75 %, 80% R.H. and comparing the hatchability 

obtained against contemporary hatches run as controls 

in the CONTROL incubator at 65% R.H. 

(iii) The effect of raising the humidity before 

hatching was examined by incubating a number of 

eggs to the 18th day at 400 R.H. and subsequently 

half their number at 70;0 in the other incubator. 

Two trials were run. 

(iv) Weight loss was determined and compared in 

eggs incubated at 40% R.H. and in a similar group 

incubated at 70% R.H. contemporaneously in the 



TABLE 2 

Analysis of Preliminar Trial Hatches 

Hatch information obtained from foot of Table (1) Appendix I 

Hatch 

No. 

Relative 
Humidity 
Per cent 

No. 
Fertile 
Eggs 

Hatch 
Per 
cent 

Difference 

(T-C) 

Mean of 
Differences 

Sum of 
Chi- 
Square 
(Tv( 

Degrees 
of 

Freedom 

Stat. 

Sig. 

1 6o 80 87.5 

65 77 89.6 - 2.1 

2 6o 83 85.5 

65 87 94.3 - 8.8 

3 60 128 81.3 
65 131 85.5 - 4.2 

4 60 134 92.5 
65 127 92.1 + 0.4 

5 Go 133 75.2 
65 143 93.7 - 18.5 

6 6o 87 89.7 
65 93 91.4 - 1.7 

7 6o 73 86.3 
65 80 91.3 - 5.0 

mean 60 718 85.0 Sig,, at 
Mean 65 738 91.1 - 5.7 21.9 7 5;'" level 



62. 

second incubator. The eggs were weighed 

immediately before incubation was begun and again 

at the end of the 19th day. The effect of the two 

levels of humidity on the growth of the embryos was 

also determined by weighing the hatched chicks. 

Although two trials were carried out relevant 

information was obtained only from the second. 

However, hatchability information from the first 

trial has been included. 

The unhatched eggs from the series of experiments were 

examined in accordance with the General Method described 

earlier (pp. 29 - 51). 

Results and Discussion. 

(i) PreliminarL Trial 

Details of the seven hatch results obtained in this test 

of incubator operation is available in the lower section of 

Table 1 Appendix I. An analysis of the hatchability rates 

is shown opposite in Table 2 where it can be seen that the 

results favour the maintenance of humidity at 65% R.H. through- 

out incubation rather than the intermittent supply method as 

ecommended by the Manufacturers', averaging 60% R.H. during 

ncubation. The difference is statistically significant 

t the 5% level. 

The result cannot be taken to mean that a 65% level of 

umidity necessarily produces superior hatchability to a 

ontinuous 60% R.H. (since the method of supply was also a 

ariable factor). The large variation in hatchability rates 



TABLE 3 

Analysis of Hatch results: the effect of various levels of humidity 

compared with the Control (6%) 

Hatch information obtained from Table (1) Appendix I 

Relative 
Humidity 
Per cent 

No. Fertile 

Eggs 

Hatch 
per 
cent 

Difference 

(T-C) 

Chi -Square 

(T v C) 

Degrees 
of 

Freedom 

Statistical 

Significance 

40 194 86.6 

65 182 83.5 + 3.1 0.5 1 Not sig. 

.y 

50 202 80.2 

65 199 75.9 + 4.3 0.85 1 Not sig. 

75 124 80.6 

65 125 83.2 - 2.6 0.14. 1 Not sig. 

80 150 77.3 
Sig. at 

65 160 87.5 - 10.2 4.87 ? 1% level 
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obtained in the incubator running at 60% R.U. (Range 92.5% M 

72.5t) reveals the .relative inefficiency of this method of 

supply of humidity. 

It is interesting to note that th<: greater part of the 

difference between the two treatments was due to a higher 

mortality rate occurring towards the end of incubation in 

the embryos incubated at 606 Mi. In fact the mortality 

rate of those embryos (see foot of Table 2 Appendix I) in the 

third period of incubation was twice their counterparts. 

This result would seem to indicate that intermittent lower 

humidity had an accummulative effect on mortality. 

The general conclusion reached is that in the type of 

ncubator used, the Manufacturer's recommendations as to the 

thod of supplying humidity is not satisfactory and that the 

bserved superiority of 65% H.H. over 60 R.H. with regard to 

tehabil.ity is not necessarily valid, 

Iii) 1112. ¡fLe2t oL Iar.jaull. Ie3 e ,..00 .1.7 mlia ael 

i _i :a do ki # a. (Optimum Humidity ""xperimcnt) 

Details concerning the experimental hatches in which 

ggs were incubated at 40%, 50%, 75% and 30% R.H. compared 

ndividually 4th a control hatch at 65% are available in the 

per part of Table 1 Appendix I. In Table 3 an analysis of 

he hatch results obtained in this series of experiments ents is 

hewn, The variation in hatcha' i l ity of the eggs set in the 

NTROL incubator is considerable, the range being from 75.9% 

87.5% which, slue the incubation environment is similar, 

must be due to differences in source of eggs and season. 



THE EFFECT OF HUMIDITY ON HATCHABILITY. 
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The low figure can be accounted for by the management of the 

breeding hens at that time. Accordingly each trial result 

10 presented as a difference between the TREATED incubator 

(various levels of humidity) and CONTROL incubator (65; R.H.). 

The differences, although each in themselves is not stat- 

istically significant except at the 80% level of humidity, 

when plotted on graph paper show a significant trend in the 

effect of humidity. Humidity levels above 65 have a 

depressing effect while those below have an elevating effect 

although there is a tendency for hatchability to decrease 

slightly from 50% R.H. to 40% R.H. This trend is illustrate 

by the graph (Figure 1) on the opposite page which also gives 

an indication of the parabolic relationship between humidity 

and hatchability as found by Lamson & Kirkpatrick (1918) and 

Barott (1937). There appears to be a range of humidities, 

40 -70% R.H., within which hatchability is satisfactory as 

originally stated by Barott. Above 75% R.H. hatchability 

falls significantly; below 40% although no evidence is 

provided here the hatchability rate is presumed to fall more 

apidly than the trend indicated between 50% and 40% R.H. 

No definite point or level of humi dity can be demonstrated 

th the results obtained. in this work since at the apparent 

optimum level - 50% R.H., the number of eggs. was too 

small to create a statistically significant difference 

tweon the treatments - 50% versus 65 R.H. It would 

appear, however, that the humidity level for maximum hatch- 

ability is below 65% and very probably below 60% R.H., but 



TaLE 1!. 

Ç.w)arinon of e orimentl. of authors shown* 

- 

Lamson & Kirkpatrick 0918) 

Sectional: 102°F 

Earott (1 937) 

.......^, .. 

Calorizetert 101:1 F 

Sgg capacity, Lriì 

Type of incubator 

and 

tempere:ture! 

Method of Humidity 

Measurement 

(ravi.metric Analysis 

. . . . .. ______ 

Hair HYtT ometer 

ìdudber of Fertile Eggs 

per 

Level 

Approx. 116u 

(calculated) 
1 

at R.144, 
42 136 ( aalc" akted} 
58 

) 70 
136 " 

No figures ava.ilab e for 
experiments at 100wF 

Source of eggp White Leghorn Flock White Leghorn Flock 

Season 

..._........... 

No account taken 

i. e. No control hatches 

No account taken 

i. e. No control hatches 

Optimum level 

Vi 

Humiia . tw 

indicated 

...... 

50 ` R. H. 6:. .a lie 

...._......M_ ..,....,.,*..._.__..... .4.*.......*.. 
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not lower than 50% R.H. It is considered likely that the 

50 -55% R.H. would produce maximum hatchability with this 

material. 

The inconsistency of results published by Barott (1937) 

and Lamson & Kirkpatrick (1918) is believed to be due, in 

part, to differences in experimental technique. A further 

brief discussion of their work with a comparison of their 

experimental technique given Opposite (Table 4) reveals the 

reasons for the dscrepancies, 

Apart from differences between the type of incubators 

used in the two experiments the main reason for discrepancies', 

in the results would appear to arise from the method of 

humi dity measurement and the number of eggs used. With 

regard to the former it is generally considered that the 

method of gravimetric analysis is the more accurate of the 

two but without due care humidity values lower than actual 

will be recorded. The hair hygrometer is the least accurate 

of all the known methods of humidity measurement and cannot 

be relied on to give results to better than 3% - 5% R.H. 

(National Physical Laboratory, U.K., H.M.S.°. 1955). The 

hair hygrometer tends to give readings higher than actual 

(Gregory 1947). With regard to the number of eggs used, 

since the variation in hatchability of hens' eggs is high and 

since in each experiment no control lots were run simultan- 

eously with the experimental, it is more likely that the 

work of Lamson & Kirkpatrick mitigated the variation in 

hatchability from experiment to experiment or humidity level 

to humidity level. 
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It seems, therefore, from the present results and those 

published by other workers that reasonably good hatches are 

obtainable over a fairly wide range of humidity and also 

within this range there probably exists a narrower range of 

optimum humidity but no actual point universally applicable 

to incubation, a statement supported by subsequent work in 

this Thesis. That such a point has not been effectively 

demonstrated is due undoubtedly to the many variable factors 

concerned in incubation and measurement of incubation 

environment, some of which have already been disclosed. 

The t,ffect of Humidity on Periodic Mortality. (Optimum 

Humidity Experiment.) 

As explained in the General Materials and Methods sectioì 

(P31 ) of this Thesis the mortality occurring during 

incubation was classified on an age basis, 0 -10 days, 11 -17 

days, 18 -21 days (signifying to the end of incubation). These 

riods are closely associated with and embrace the peaks of 

ortality which are known to occur in incubating hens' eggs 

(Landauer 1951, pp 161 -163) . Two main peaks have been 

recorded, the first during the first week of incubation and 

the second during the last three or four days. 

The results of this work are not quite in agreement with 

the foregoing and in Tables 2 and 3 Appendix I (upper section) 

the mean incidence and proportion of mortality occurring in 

the three periods of the Control group (65% R.H.) - 4 

experiments - is calcul:.ted. For example, the av'irage 
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percentage proportion of mortality occurring respectively i 

the three periods is 17.0, 19.7 and 63.3% indicating that infect 

there appears to be a major peak towards the end of incubation, 

a minor one in the middle period and not the usual high peak 

in the first week or ten days. 

This divergence may be explained by the fact that 65% 

R.H. does not appear to be the optimum humidity and is 

perhaps affecting the pattern of mortality. Whether humidity 

does affect the trends of mortality in some way is discussed 

now, firstly on the basis of the number of fertile eggs set 

and secondly, on the basis of Total Mortality. 

1. On the basis of the number of Fertile Eggs set. 

Changes in the distribution of actual mortality associ- 

ated with the experimental levels of humidity are illustrated 

y graphs (Figure 2). The figures used to plot the graphs 

re reproduced from Table 2 Appendix T, and they constitute 

he differences in periodic mortality, expressed as a 

ercentage of the number of fertile eggs under test, between 

he experimental levels and the CONTROL 65% (the Zero line on 

he graphs). The three graphs represent the relative 

ncidence of mortality occurring in the three designated 

periods of incubation, 0 -10 days, 11 -17 days and 18 -21 days 

and demonstrate the trends in mortality in each of these 

jeriods with changing humidity. 

The upper graph (0 -10 days) indicates that the incidence 

of mortality or the number of embryos dying at this stage of 

incubation tends to increase with humidities higher than 65% 
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R.H. with a definite marked trend from the 75 to 80% R.H. 

points. (Any point falling above the zero line reflects an 

increase in mortality.) No significant trend is shown here 

in relation to humidities below 65% R.H. However, on 

examining the actual figures the incidence of mortality at 

40% R.H.' 2.06 %, is approximately one third lower than the 

average of the Controls, 3.12 %, indicating that there may be 

in fact a substantial decrease in mortality at the lower 

humidities. 

The changes in mortality incidence during the middle 

period of incubation 11 -17 days (centre graph) are not 

clearly demonstrated by the experimental results. Taking 

into account the actual figures a slight tendency for a 

reduction in mortality is associated with the high level of 

humidity 80% R.H. It would appear that ttutritiorial 

deficiencies, especially riboflavin deficiency have a 

singular effect in raising mortality at this period as 

demonstrated by Lepovsky et al (1938), Hanson (1959) and 

ny others, and the effect of other factors affecting 

tchability is less pronounced. 

The graph at the foot of Figure 2 illustrates the 

changes in mortality incidence occurring during the time of 

the conventional second main and final peak of mortality 

-21 days of incubation. A marked tendency for a positive 

orrelation between it and the levels of humidity studied is 

learly indicated, implying thus, that between 40 and 80% R.H. 

ow levels of humidity cause fewer embryos to die or to fail 

Ilit 
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to hatch at this period of incubation, while greater mortality 

occurs at high humidities. There is a slight tendency for 

mortality to increase between 50 and 4Ow and this trend 

would presumably continue for lower levels of humidity on 

the evidence of Barott (1937) that hntchability is greatly 

reduced by them. 

2. On the basis of Total. Mortality. 

On relating periodic mortality to total mortality the 

proportional distribution of mortality occurring throughout 

incubation is considered. When the figures (from Table 3 

Appendix 1 upper section) are arran2,ed in the same manner as 

before, the graphs in Figure 3 indicate the increase or 

decrease in the proportions of total mortality occurring in 

each period associated with the various experimental levels 

of humidity and compared with the Control lots. Although 

of greater amplitude and variability the graphs approximate 

to the trends in mortality already shown and discussed. 

The greater variability is due to the fact that the same 

number of dead in each period is now being related to a 

smaller denominator, i.e. total number dead, which change is 

relfected by the comparatively- exaggerated slopes of the 

graphs from point to point. This variability is further 

illustrated by comparing the graphs of the third period where, 

in this context, a misleading conclusion might be drawn to 

the effect that the higher humidities cause fewer deaths 

towards the end of hatching. This apparent contradiction of 

reviously accepted fact is found to be caused, perforce, 

y the experimental treatment in that total mortality is 
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greatly increased at 80% R.H. in relation to the mortality 

occurring in the Control lot, hence greatly altering the 

proportions. Care, therefore, must be taken in interpreting 

and comparing by this method the changes in mortality 

pattern broughtabout by diverse conditions, experimental or 

otherwise. It is appreciated, however, that in diagnostic 

service work (Hanson 1959) complete hatch data is not always 

available and that basing the results of examination on the 

number of dead-in-shell sent in for diagnosis is often the 

only course open. 

Discussion. 

The reason for the demonstrated trend in mortality is 

not furnished by the results of this work but it is postulate 

that both physiologica3. and mechanical factors are involved. 

Too high or low humidity during the early period of 

incubation may conceivably disrupt or retard embryonic growth 

and development due to either the disturbance of the organisi 

centres or some other deep set physiological condition not 

learly understood (or greatly investigated) at the present 

stage of knowledge. However, from the 10th day of incubation 

nwards l3arott (1937) has shown that the energy metabolism, 

asured by heat elimination and gaseous exchange, of embryos . 

cubated under favourable conditions of humidity (circa 60% 

.H.) was greater than embryos incubated at 70., or 42% R.H. 

he effect of an increase to 84% R.H. or a decrease to Z4$ 

.H. was approximately the same in further retarding embryonic', 

owth. 

Ic 
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Incubation, therefore, at anything else than optimum 

conditions of IBimi dity will probably result in reduced 

energy metabolism which may be sufficiently reduced in some 

embryos to cause death, or at the end of incubation, an 

inability to perform the exhaustive measures necessary for 

successful hatching. 

High or low humidity during incubation also results in 

a small or large capacity air cell, respectively, at hatching 

time, since the degree of humidity is thought to be mainly 

responsible for evaporation of water from the egg (Barott 

& Pringle (1937). See also discussion later, pp 79-83. 

That the size of the air cell is controlled by the level of 

humidity is common knowledge to hatchery operators and other 

authorities and is revealed by their exhortations to increas 

the humidity towards the end of incubation if the air cell 

appears (Taylor 1949). 

Now the size of the air cell may be of vital importance 

to the hatching chick for two reasons. Firstly, the gaseous 

content of the air within the air cell is thought to be 

responsible for encouraging the change -over from embryonic 

to pulmonary respiration. Romijn & Roos (1938) have shown 

that the CO2 content towards the end of incubation reached 

9 -11% (oxygen fell to 9%) and implied that this relatively 

high 002 concentration is the main stimulant. Marshall 

(1952) on the other hand believes that expansion of the lungs 

initiates the change -over and that this is brought about after 

the embryo pierces the chorio- allantoie, by the air in the 
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air cell being under pressure. In both cases it would seem 

1 

important that the air cell be of a suitable size. 

Secondly, Romijn (1950) estimated that on the 20th day 

of incubation at least 80% of the total respiratory metabolis 

is established by the part of the shell covering the air cell 

hd therefore, changes in humidity, leading to changes in 

size of the air cell, will influence the conditions of the 

respiratory circumstances of the embryo near full term. His 

argument continues thus. The low percentage of oxygen and 

high CO2 ( Romijn & Roos 1938) indicate an oxygen consumption 

and CO2 production higher than the amount which can be 

furnished by actual diffusion through the shell. :Is the 

oxygen content falls rapidly during the last hours of foetal 

life the limiting factor of oxygen supply is the permeability 

of the shell especially in the region of the air cell. 

Therefore, foetal death may occur as a result of asphyxiation 

in cases of disporportion between the demands of the embryo 

and the supply. 

It follows from this that the greater the size of the 

air cell (up to an optimum) the greater will be the diffusion 

of oxygen through the shell to sustain the embryo until it 

ips the shell and the smaller will be the mortality occurrin 

t the end of incubation. 

Romijn (ibid) believes that a greater part of full term 

ead in -shell can be explained by anoxaemia due mainly to the 

gh water content of membranes and shell (brought about by 

gh incubator humidity) preventing the transmission of gases. 

I 
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The Effect of Humidity on the post -hatch incidence of 

Malpositions I. II. III. and VI. (Optimum Humidity :experiment) 

Although each of the malpositions studied is in itself 

a separate entity and presumably caused by different factors 

it is interesting and useful in the first instance to group 

them and consider their total incidence. The number of 

Malpositions I, II, III and VI, their percentage incidence 

and proportion of Total Mortality occurring in this material 

is detailed in the upper section of Tibles 1, 4 and 5, 

Appendix I respectively. Abstracted from Table 5 the figure 

below indicate the incidence of the total number of Mal- 

positions, i.e. as a percentage of total mortality, in 

relation to the experimental humidity levels. 

Relative Humidity % 40 50 65 (mean) 75 80 

otal % 23.1 20.0 30.9 24.0 41.2 

From these figures a general idea is obtained of the 

iroportion of embryos found in malpositions on post - hatch 

= xamination of dead -in -shell and allows the magnitude of the 

i oblom to find its proper perspective. On the average abou 

0% of all embryos failing to hatch were found in malaosition- 

n post hatch examination which agrees with most other reports. 
tendency for the incidence to increase at the high humidity 

vel is shown although differences in season prevent a true 
. 

omparison. 

In order to discover whether the various levels of humidity 

tiffected the incidence of each category of malposition the 

fferences in percentage incidence between the Treated and 
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Control lots were calculated on the basis of both the number 

of fertile eggs set and 'Total Mortality. The differences 

were plotted on graph paper thereby illustrating the trends 

in incidence associated with changes in humidity level. The 

graphs in Figure 4 (per cent fertile eggs) indicate more 

satisfactorily the changes in incidence of the four mal- 

positions, than those in Figure 5 (per cent Total Mortality). 

The amplitude and variability of the latter are greater, due 

to the decrease in size of the denominator. They have been 

included so as to afford comparison with other work. 

The effect of humidity on the post hatch incidence of 

1position 1 (head between thighs) is shown to be greater 

t high humddities and lower at low humidities. A marked 

rend is clearly seen from the Control point (65% R.H.) to 

he 80% level of humidity while below 65% R.H. the incidence 

only decreases from 50 a.H. to 40% R.H. This slope may be 

exaggerated on account of the high incidence of the malpositi 

n the Control group at the 40% point which is inexplicable. 

Since this position is no longer regarded as a true 

1position (see this Thesis Section II, part 2, page 147 

d is thought to be a result of retarded development during 

noubation,it would seem therefore that the high humidities 

re, affecting some embryos in this way causing failure to 

tch. In other words unfavourable conditions of incubation 

ffect the frequency of Malposition I and since embryos are 

able to hatch from this position the incidence post-hatch 

ects fairly accurately the effect of these conditions 

n 
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during incubation. No inf ore,:: Lion is available from 

published work, however, on the effect of humidity on 

Malpositions and hence no specific reasons for the changes 

in frequency of Malposition I associated with different 

levels of humidity have previously beer-, revealed. Only a 

general statement that improper levels of humidity affect 

development can at the present stage of knowledge bm put 

forward. 

On returning to the graphs in Figure 4 the changes in 

frequency of the other Malpositions can be seen. No defini 

trends are indicated for any of them but it appears that the 

incidence of Malposition VI is relatively unaffected by the 

changes in hinmi dity. 

It was originally thought that Malposition II (head in 

the small end) and Malposition III (head to the left) were 

highly lethal, but now this is doubted (see this Thesis 

section II, part 3, page 163) and, therefore, the graphs 

shown are in effect representing the hatching ability of 

afflicted embryos having been incubated at the various levels 

of humidity and not the effect that humidity has in causing 

hem. It could conceivably be the case that humidity has 

o a:"feat on the incidence of the Malpositions prior to hatch, 

t at certain levels of humidity the malpositioned embryos 

re less able be escape the shell; e.g. embryos with their 

eads in the small end may be hindered from hatching straight 

through the shell due to high water content of membranes, 

thus preventing the successful transition to pulmonary 

respiration. 
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In the light of this discussion it would be inadvisable 

to put forward improper humidity conditions as a cause of the 

Malpositions but nevertheless incorrect humidity may affect 

the incidence of the Malpositions post -hatch and in this case 

since Malpositions II and III are more likely to be caused 

by mechanical factors preventing correct orientation, the 

less likely are they to be the result of sub- optimal humidity 

Generally speaking the post -hatch incidence of embryos in 

these two Malpositions appears to be of little guidance in 

the study of reasons for the effect of humidity on hatchabili 

Although the incidence of Malposition VI (head to right; 

not under wing) is the highest of the four Malpositions it 

is fairly clearly indicated by the relevant graph that the 

' ncidence post -hatch is not affected greatly by various level 

f humidity. Comparatively little is known of the hatching 

bility of embryos in this position but it is considered that 

uch embryos are not greatly deterred from hatching (Asmundso 

93e). Also, only circumstantial evidence has been advanced 

hich would indicate that Malposition VI is the effect of 

'elay in development, and therefore, it is doubtful whether 

ub- optimal humidity conditions would be reflected by the 

ncidence of this quasi normal position. 

The incidence of 'Teratologi,cal Abnormalities p.nd other 

conditions in relation to humdity level. 

Terata: 

The number of malformed embryos examined and recognised 

in the series of experiments is listed in Table 1 Appendix I. 

y. 



TABIE 5 

The type and number of M1 f ormed embryos observed in 

unhatched eggs of Treated and Control groups 

Malformation Total number observed 

Parrot Beak 5N 

Short Upper Beak 3' 

Cerebral Hernia 2 

Ectopia Visc Brun 3 

Siamese Twins 9 

Micrornelia 

Hereditary lethal. 
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The total number occurring in 3,313 fertile eggs experimental - 

1tiy incubated is exceedingly small; only 15 (3% of Total 

Mortality) of which 10 showed. malformations of the head 

(0.3% of fertile eggs). The latter frequency is similar to 

that found by Landauer (1951, p 159) in his material - 1.41% 

reducing to 0.22% on improving incubation conditions -- and 

the former agrees closely with Hutt & Greenwood (1929) who 

found 3.6% of Total Mortality due to chick monsters. 

Unfortunately, no malformed embryos occurred in eggs 

incubated at 40, 50, 75 and 85 % A.H. (Optimum Humidity 

Experiment) whichs therefore, precludes further discussion on 

the postulation that unfavourable humidity conditions may be 

a pre-disposing factor in the causation of some malformed 

embryos. The chances of malformed embryos appearing in such 

small numbers of fertile eggs set per treatment can be 

readily appreciated by considering the observed percentage 

frequency of occurrence previously mentioned. 

A simple analysis of the types of malformations found 

is of general interest (see Table 5) . Most of the cond,itio 

are thought to be reproduced on a hereditary basis but some, 

e.g. Parrot Beak, Chondrodystrophy and Cerebral Hernia een 

also result from nutritional deficiencies. 

Other Conditions: 

The low frequency of these conditions, Clubbed Down, 

Burst Yak, etc. (Table 1 Appendix 1) prevents any associatio 

etween their occurrence and humi dity level to be drawn. It 

is interesting to note the appearance of embryos with Clubbed 

own (Riboflavin deficiency) in the eggs incubated at 50% `t.Hj 
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indicating relatively >oor nutritional level of t#e laying 

flock at that time (q.v. page 64 ). 

Unhatched chicks showin no :fxoss abnormalit: The remainin 

fraction. (Optimum Humidity ii periment) 

Although it is doubtful whether this category of the 

unhatched reflects intelligibly the effect of humidity level 

(and is therefore discussed sparingly) it is included but 

only to complete the full post -hatch examination picture, 

thus giving an idea of its significance. 

The numbers of embryos which showed no outward somatic 

or positional abnormality on post -hatch examination are 

available for all the experiments in Table 1 Appendix T. On 

he average they amounted to 26% of the total mortality 

oeurring in the Control group (65% R.H.). Of this figure 

t8% had pipped and 62% remained unpipped which indicates that 

quite a fair proportion of embryos failing to hatch die at or 

ound about the time of respiratory change -over. The 

mainder presumably were able to effect the change -over to 

lmonary respiration but failed to hatch for other reasons 

of easily discernible. 

iii) The Effect of liaising Humidly before Hatchiagx. 

Having observed hatching taking place at 40% and 50% R.H. 

.e. relatively low humidities, and shown that the incidence o 

ortality especially towards the end of incubation at these 

humidity levels is less than the Control 65% R.H., the 

esirability of raising humidity prior to hatching (as is 

ommonly advised) was questioned and subsequently tested in 

ti 

s trial. 



TAME 6 

The Hatchability of eggs incubated at R. H. corared Frith that ©fps 
incubated similarly but with raised. humidity towards hatching 

Relative 
Hatch Humidity 

No. 

No. 

Fertile 

Eggs 

Hatch 

c 
Difference 

Mean of 

Difference 

1 40 42 92.8 

40170 43 90.7 + 2.1 

2 4.0 44 90.9 

40170 83.7 + 7.2 + 4.7 

Degrees of Freedom = 2 

Sum of Chi -square = 1.15 - Not significant. 
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The results obtained are detailed in Table3 1 -5 

Appendix I, centre section. Table 6 opposite gives an 

analysis of the two experimental hatches in which eggs 

incubated at 40% R.H. were compared with eggs incubated at 

40$ R.H. to the end of the 18th day and then at 70% H.H. to 

the end of incubation. 

In both hatches the eggs which were incubated at 40% R.H. 

throughout hatched slightly better than those which were 

removed after candling on the 13th day from the same incubator 

and hatched out at 70% R.H. in the other incubator. The 

difference between the two treatments is not statistically 

significant due to the small number of eggs used. In fact 

in each setting one egg failing to hatch represented approx. 

2% decrease in hatchability, and therefore, if in the second 

experiment the terata had not occurred in the 40/70 group or 

is removed. from consideration due to its known hereditary 

nature the difference between the experimental treatments 

ould be further narrowed. Hence it would appear that there 

s little difference between the treatments. It is, however, 

airly clear that there is no great advantage in raising 

umidity to 7OciL R.H. prior to hatching of eggs incubated at 

0'% R.H. or, it would be logical to assume, of eggs incubated 

at any higher level of humidity. 

No distinct differences of quality were observed in the 

chick groups at hatching, but it was obvious that the chorio -i 

llantoic membranes of the broken shells dried more slowly 

n the group subjected to a raised humidity. The speed of 

:latch was observed to be of the same order in both groups. 



TARTE 7 

The Hatchability of Eggs incubated at 40iLr and 7C) R.H. 

Hatch 

No. 

Relative 
Humidity 

' J 

No. 
Fertile 
Eggs 

Hatchability Difference Mean of 
Differences 

1 40 87 83.9 

70 89 6 78.6 + 5.3 

2 40 84 85.7 

70 89 82.0 + 3.7 +4. i 

Degrees of Freedom = 2 

Sum of Chi -square = 1.23 - Not significant 
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Similar results to those reported here were obtained 

by Krueger, Corral & Quisenberry (1956). 

(iv) The comparison of hatchabili i. weight loss and 

embryonic growth in ,eg.gs incubated at A01 and 201 H.H. 

The results of this trial, involving two experimental 

hatches in which eggs were incubated at the humidities stated 

at the same time but in separate incubators, are given: and 

discussed in the order mentioned in the heading. Details 

of these hatches are available in Tables 1 -5 Appendix I. 

Hatchability. 

Table 7 presents the percentage hatchability of the 

eggs in this trial, which information is abstracted from the 

Appendix. The results indicate that there is probably no 

real difference in hatchability between the treatment groups 

since no statistical support is available. However, hatch- 

ability appears to be superior at 40% R.H. and only fails to 

be significantly so on account of the relatively few eggs 

treated. This conclusion is fairly well sustained by the 

results obtained in trials of sub- section 2 (Optimum Humidity 

Experiment), for, the mean of the differences shown here, 

4.5 %, is very similar to the difference-in hatchability, 

4.35 %, between the 40% and 70% R.H. points on the graph 

illustrating the results of that experiment (page 64). 

The reason for the apparent relative superiority of the 

40% R.H. level is partly explained in the following discourse 

Em weight loss during incubation. 

The mean weight of eggs eventually hatching and incubate 

at 40% R.H. and 70% (as above) is given in Table 8. The 



Taws 8 

Comparison of loss in weivht of egL,s incubated at 407, and 7 R.H. 

No. 

Humidity 

R. H.% 

Number 

eggs 

Mean weight of 
eggs (fir" is) 

: - Mean 
loss in 
weight 
(firms) 

2: Mean 
loss in 
weight 
(grins) 

Hatchability 

Before 
incubation 

19th 
day 

2 40 

70 

72 

72 

64.98 

64.23 

55.08 

58.18 

9.9 

6.05 

15.2 

9.4 

85.7 

82.0 

't' Test 

3.85 
Difference between means (9.9 - 6.05) = 3.85 't' = 1.4 = 2.75 

Degrees of Freedom = 142 ( Significant: P = 0.01) 
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weights recorded are of eggs immediately before incubation 

started and of the sane eggs at the end of the 19th day of 

incubation. One egg incubated at 70% R.M. was removed from 

analysis since the chick hatched from it was weakly, result- 

ing in a comparisren of 72 eggs under each humidity treatment. 

The loss in weight of the eggs incubated at 70% R.H. is 

shown in the table to be 6.05 grms. or 9.4% of the original 

pre - incubation weight, while the eggs incubated at 40;% R.H., 

as would be erected, lost on the average a larger amount 

namely 9.9 grms. or 15.2% of their original weight. This 

difference in loss of weight between the two groups is found 

to be statistically significant, and therefore, is presented 

as being a true difference, brought about by the respective 

humidity levels during incubation. Barott & Pringle (1937) 

declared that loss in weight of eggs during incubation 

depends principally upon the relative humidity of the airs 

and they demonstrated that the loss decreases in direct 

proportion to increases in humidity except at extremes of 

humidity. An increase in humidity of 1% results in a 

decreased loss of weight of 0.01% per day and vice versa. 

On this basis the expected loss for an increase of 30% 

R.H. (i.e. 70-40) during 19 days of incubation is calculated 

to be 5.7%r The observed difference in this experiment is 

of the same order, 15.2% - 9.4% equals 5.8%4 Therefore, 

the rate of change of weight loss related to humidity level 

is more or less as stated by Barott & Pringle. If this can 

be assumed to be correct, it is than possible to calculate 

the % weight loss associated with different levels of humidit 
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during incubation. 'or example, using the observed % loss 

in weight for the 70% H.H. level a decrease of humidity of 

15% would bring about an increase of 2.85» loss in weight 

giving for 55% H.H., 9.4 + 2.35 = 12.25% loss in weight of 

eggs. Now, it is generally believed that circa 12% loss in 

weight is associated with, and perhaps necessary for, maximum 

hatchability (Marshall 1952; Maffey 1955; Cadman 1923, 

natural incubation : 19 days). Penquite (1933) found losses 

of 13.7 %, 11.6% and. 5.7% in eggs incubated for 19 days at 40, 

62 and 80% H.H. respectively and although the relationship 1 

between humidity andloss in weight is similar he regarded the 

62% R.H. level as being optimum for hatchability. 

Weight losses greater than 12% were shown by Hays and 

Spear (1951) to be associated with lower hatchability but in 

their work the humidity factor was never varied. 111 the eg.s 

ere incubated at 60% R.H. and classified according to the 

egree of weight loss, the differences in which were assumed 

o be due to differences in shell texture. That the texture 

f the shell is a determining factor of weight loss is an 

= stablished and understandable fact, with the degree of shell 

orosity being the main factor closely associated with rate 

f water evaporation: Almizit & Holst (1931); Axeisson (1932); 

iLlarshall & Cruickshank (1938) . 

However, Mueller & 3cott (1940) found no significant 

elationship between shell porosity and hatchability which is 

ontrary to the work of ¿xelsson (1932) and Dunn (1922 -23; 

923-24). It would seem possible that where humidity 

áonditions were optimum the relation of shell porosity to 



82. 

evaporation would not be detected which may account for the 

result of Mueller & Scott's work. 

Irrespective of humidity it has also been shown by 

Marshall & Cruickshank (1938) that loss in weight is related 

to the size of the egg, small eggs losing proportionately 

more than large eggs, due presumably to increased shell 

surface area in proportion to egg content of the small eggs. 

This fact is difficult to reconcile with the foregoing 

discussion that increased evaporation (weight loss) causes 

reduced hatchability while the work of Coles (1956) and 

Obenko & .intakov (1956) suggest that smaller eggs have 

superior hatchability. As shown in Table 8 the hatchability 

obtained in this experiment (and generally in this study) is 

superior at 40% R.H. with a significantly higher weight loss 

than at 70% R.H. The mean weight of eggs used in this 

experiment was considerably above that (less than 53 grins.) 

of the best hatching groups of the latter workers and may 

account for some of the discrepancy. 

It is interesting to note in this respect that the 

- tchability obtained in the large broiler unit associated 

tcheries of today in Great Britain is around 85% of all 

=ggs set compared with 73% for the country as a whole (Coles 

X959) and that this is attributed not only to the more rapid 

rrangennents for setting eggs but to the smaller size of eg; s 

;et. As a rule the humidity levels practised in this county 

e above 60 R.H. and therefore, favour the hatchability of 

mailer eggs. 



TABLE 9 

,eight of day old chicks from ms's incubated at 40 , and 70" R.H. 

Hatch 
No. 

Humidity 
R. H. 

Number 
Chicks 

Mean 
Vteight 

( grms ) 

Standard 
Deviation 

2 70 60 

40 60 

41.8 

4-1.5 

3.4 

2.9 
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Clearly the relationship of egg weight loss during 

incubation to hatchability is dependent on a number of 

variable factors and the interactions between them. Further 

work planned to include all the factors would be necessary 

to yield the true facts and to discov -r the optimum weight 

loss for different sized eggs. 

The effect of 4C and 70¡ RAH. levels on the Wei, ht of day 

old chicks. 

Sixty dhicks picked at random and hatched from the 

treatment groups of Hatch No. 2 were weighed at the end of 

the 22nd day of incubation. Table 9 indicates the mean 

weight of each group with its standard deviation. It is 

interesting to note an insignificant difference between the 

weight of chicks (41.8 grins.) hatched from eggs incubated at 

70% R.H., and the weight of chicks (41.5 grins.) from those 

incubated at 40% R.H., but with a higher standard deviation, 

hence variability in weight, in the former than in the latter 

The results are interpreted as suggesting that within 

the range of humidities studied (40-70% R.H.) humidity has 

little effect on the total growth of the embryo during the 

incubation period. Penquite (1938) found this to be true 

also, even up to the 80% R.H. level. In addition he found 

that there were three stages of growth during incubation, viz 

1-7 days, 8 -16 days and 17-21 days, and indicated that for 

:ach stage a separate set of conditions, including humidity, 

ght be optimum for satisfactory embryonic growth. This is 

suggestion more recently made by Romijn (1950) and perhaps 

orth careful consideration and investigation, for, it is 

ur 
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fairly well established that embryonic growth and development 

occurs in stages associated with, among other factors, 

changes in intensity and /or kind of metabolism (. omanoff 1949 

Although normal embryonic growth is obviously an 

essential for good hatchability it is questionable on 

mechanical grounds whether the heaviest embryos at hatching 

time would have the maximum efficiency in escaping from the 

shell. The heavy and probably oedematous embryo, the result 

of incubation at high humidities, would be less physically 

capable of moving within the shell prior to hatching. 

Sufficient movement of the head andbeak while pipping and 

rotation of the body internally around the shell (to produce 

the "lid1° of the egg) would seem essential. This factor, 

if true, associated with the small air cell condition 

(discussed previously page 70 ) may well be the cause of 

some dead-in-shell in eggs incubated at high humidity. 

No such argument can be held against the smaller embryo 

and it would seem their only disadvantage at hatching would 

stem from weakness associated with their small size. 

The discussion suggests that probably there is an 

optimum size of chick-embryo in relation to egg size but 

hin. the normal range of incubation humidity, its importan 

probably of little significance. 

oncluio 

For comparatively heavy eggs (approximate average being 

gms.) the optimum humidity for maximum hatchability is 

low the previously accepted optimum level of 60% R.H. 

ntained throughout incubation. The results indicate a 

) . 
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point between 50% and 60% R.H. to be optimum though the 

inference is that 55% or below was - ideal, for the eggs 

incubated during this investigation and in the stated manner4 

In general, however, it is thought that satisfactory hatches 

can be obtained in the range of 40% to 70% R.H. 

2. This divergence from the norm may be accounted for by 

a number of factors, namely, differences in experimental 

technique, incubation practice and egg characteristics. It 

is considered probable that an optimum humidity exists for 

each size of egg, for example, but further work is required 

to confirm this. 

3. Humidity per se is probably the main controlling factor 

in the loss of egg weight during incubation which according 

to some investigators is inversely correlated with hatch- 

ability. This was not found here when eggs were incubated 

at 40% and 70% R.H. and it is thought that variations in 

other factors closely concerned, e.g. shell porosity and 

texture, temperature, and rato of air flow in the incubator 

may be responsible for producing differing results. 

4. Differences of humidity within the normal range 40% . 

70% R.H., do not affect significantly the growth of the chick 

embryo as measured by its hatched live- weight. However, 

growth may be affected by extremes of humidity and at 

different stages of development indicating disturbed 

metabolism as a possible cause of mortality at sub -optimal 

humidity. 
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5. The various levels of '_tumidity were found to alter the 

distribution or pattern of mortality. High hnmi dity (75 - 

80 ) raised mortality at the beginning and end of incubation 

and low humidity produced no difference from the Control at 

the beginning but lowered mortality towards the end. The 

reasons for the early deaths are complicated and not 

generally understood, but increased mortality or failure to 

hatch towards the end of incubation due to high humidity may 

be accounted for by a number of reasons both physiological 

and physical, e.g. anoxaemia resulting from decreased air 

cell size and disproportion between probably oedematous 

embryos and shell size. 

6. From experimental evidence it appears unnecessary to 

raise humidity before hatching when eggs are incubated in an 

atmosphere with a humidity as low as 40% R.H. From the 

oregoing evidence it would also seem undesirable. 

The incidence post -hatch of Malposition I was found to 

increased by high humidity (75 - 80% R.H.). Since 

4alposition I is now considered to be the result of retarded 

evelopment this indicates the effect high humidity has on 

mbryonic development. The incidence of Malposition II, III 

mnd VI was not greatly affected by the various levels of 

humidity. 

8. Finally, while the present work reveals how the 

controversy arose over which level of humidity is optimum, 

it also pointy the way for future work by which the problem 

might be clarified. 
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SECTION II. 

Ti E INFLUENCE OF TIPUIINCr ON HATCHABILITY 

General Introduction 

Since early tires, turning of eggs, both in natural 

and artificial incubation, has been observed to be of great 

importance in the successful outcome of incubation. 

Eycl_eshymer (1906) reported that de Reamur in 1749 observed 

hens to turn their eggs daily while Dareste in 1891 observed 

them to be moved trice per day (2x) .1 He himself, however, 

stated that hens turned their eggs at least 5x, if not more, 

since the nests were examined only 5 times per day during 

his investigation; but what was more important that if eggs 

were not turned at all throughout incubation (i.e. under 

artificial conditions) ohly 15% of the fertile eggs were 

found to hatch. 

Turning of eggs in Egyptian oven incubators has been 

carried out for centuries at the rate of 2 or 3x (Cadman 

1921, Askar 1927), Hatchability figures reported varied 

from the average of 70 to 87% in one hatch of fertile eggs, 

values calculated slightly on the high side since all eggs 

removed at 7th day were regarded as being infertile. 

Cadman (1923) stated that in Chinese oven incubators, eggs 

were turned 5x and have been since time immemorial. He 

further reported Payne (1921) as having observed hens 

(brooding on glass floored nests) to move their eggs hourly 

day and night although only a small proportion were 

completely rotated. 

I For the sake of expediency, hencefórward, when referring to 
rate of turning per day (21., hours) the symbol x follows the 
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As time has progressed, further investigation has 

revealed a continuing upward trend in the rate of turning 

of eggs under natural conditions. Olsen (1)30) found that 

hens move their eggs 96x in a hit -or -miss fashion, which 

relatively high frequency of turning has more recently been 

substantiated by Kniper & Ubbeis (1952) who observed hens 

to rove their eggs at half hour intervr is during the day and 

hourly at night totalling approximately 50x. 

This trend, associated with the results of previous 

ex°erimento (referred to in Part 1 of this Section) conducte 

to ascertain the eff .ct of higher -than -ueual rates of turnin 

on the hztohability of eggs incubated artificially, prompted 

the work . reported in Part 1 Section II of this Thesis. 

While attempting to discover the reasons for the 

observed changos in hatchability associated with the various 

rates of turning investigated, the incidence of malpositione 

unhatched embryos was analysed since, previously, it had 

been claimed that frequent turning reduced their incidence. 

As work progressed it became obvious that the conventional 

malpositions studied were probably of different origin and 

caused by a number of different agents at various periods 

of incubation; also that they were not wholly lethal, as the 

earlier investigators had thought. A knowledge of the 

normal pre -hatch orientation of the embryo seemed. essential 

to clarify some of the problems connected with malpositionin, 

and its causes. This work was carried out using X -rays and 

reported in Part 2 of this Section. Part 3 deals with the 

pre -hatch incidence of malpositioned embryos, their hatch- 

ability and the effect of turning on both, 
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PART 1 

THE EFFECT OF RATE OF TURNI'IG ON HATCHA}3ILITY. 

Introduction. 

The rate of turning eggs in present -da:' artificial 

incubation practice depends to a large extent on the design 

of incubators. These are of two main types (a) the sectio 

or flat type in which eggs are positioned in trays with thoi 

long axes horizontal and (b) the modern cabinet or forced 

draught incubator incorporating mechanical turning devices 

which are usually automatically operated and which require 

the egg to be in a vertical position with the broad end 

uppermost. In the former, turning by rotating the egg is 

carried out by hand on the average 3x or at such a rate 

obviating high labour requirements. In the cabinet type of 

incubator the frequency of turning, in this case tilting 

through a 900 arc, is not usually higher than 24x, i.e. once 

per houe. It is the effect of the frequency of the latter 

method of turnip; which is investigated here. 

Turning is thought to be necessary for three reasons; 

first and of import only in natural incubation, to bring the 

lower cooler side of the egg uppermost and into contact with 

the source of heat; the second to prevent the germinal disc 

during the early stages and the embryo during the later 

stages from adhering to the shell membranes (Eyc Leshymor 

1906 and many others) and alsot-.o prevent the extra -embryonic 

membranes from adhering to one another (New 1957) all of 

which would tend to impede normal development; and third, 

to reduce the incidence of malpositioned unhatched embryos, 

1 



TABLE 10 

Results of previous experiments on turning hens' eggs. 

Experiment Turning Hatchability Difference Reference 
frequency (; fertile 

riro 

(per 24 
hours) 

eggs) 

A 0 15.0 
2 4.5.4 + 30.2+ Eycleshymer 1906 

5 58.0 + 12.6 

B 2 55.4 
5 61.1 + 5.7 Lamson & Kirkpatrick 1918 

C 2 59.7 
5 70.2 + 10.5 (per cent of eggs set) 

D 2 53.0 
8 64.0 + 11.0 Chattock 1925 

E 2 67.4 
4 70.4 + 3.0 
6 73.7 + 3.3 
8 78.1 + 4.4 Insko & Martin 1933 

P 3 64.5 
48 73.8 + 9.3 
96 73.6 - 0.2 Olsen & Byer]ly 1936 

G 3 74.88 
24 83.03 + 8.15 Kniper & Ubbela 1951 

H 8 74.01 

24 78.02 + 4.01 Kaltofen & ilbbels 1973 
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a role suggested by the claim of Insko & Martin (1933) and 

& Byeriy (1936) that .frequent turning reduces their 

post hatch incidence. Turning may be necessary for other 

reasons, e.g. the normal functioning of the amnion as 

suggested by Randles & Romanoff (1949); and still other 

physiological reasons associated with promoting ideal 

conditions . within the egg for maximum embryonic growth and 

development. 

The result of turning eggs should therefore be good 

hatchability; but would it be possible to increase hatch- 

ability by turning more frequently than usual, and if so, 

what is the optimum rate of turning? That is the mai n 

quest of this work. 

Previous work on the effect of turning on hatchability 

lent support to the postulation that more frequent turning 

would increase hatchability. In Table 10 the results of 

other investigators have been presented in a concise manner 

to illustrate the trend already mentioned in the general 

introduction of this Section. Conditions of incubation and 

materials used varied so much in these reported experiments 

that comparison of actual results between them is impossible, 

but is possible within experiments since cane was taken by 

the investigators to see that rate of turning was the only 

variable factor. 

It is clear from the table that the higher frequencies 

of turning in each experiment have produced a better hatch 

of eggs. These figures, however, do not indicate the 
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optimum rate of turning. Taylor (1949) recommends at 

least 5x and Landauer (1951) is doubtful whether turning 

moro than. 4x or 5x trill produce an increase in hatchability 

while Kotliarov (1936) believes 8x to be optimal. 

Factors associated with turning also seem to be 

responsible for the effectiveness or otherwise of the 

turning, e.g. the gentleness of turning, the angle of tu_ 

and the direction of turning. 

Chattock (1925) attributed the very low hatchability 

of eggs turned 24x and 48x to the excessive vibration of 

an electric motor which he used to turn the eggs. Olsen 

& Byerir (1936) suggested that the poor results obtained by 

turning 3x with a hand crank compared with 3x in a hit --and- 

miss fashion (similar to en.) was due to the severity of 

the Method of turning. Perhaps it was, in fact cue to 

insufficient turning of the eggs positioned broad end up 

in the crank operated trays. Nevertheless, the same author 

(1938) demonstrated conclusively that mechanical disturbance 

in the form of shaking agitation (229 oscillations /min. thr 

distance of 3°) seriously affect the viability of young 

embryos. They found embryos, 4 -13 days old, most susceptible 

to :;h .s treatment and that death was mainly due to the ruptu 

of the yolk sac or to haemorrhage. With somewhat less seve 

treatment Ran.les Romano£ f (1954) confirmed the foregoing 

discoveries although hatchability of the treated group (shaken 

at 115 osc/min. for 2;3 secs. every 1-2 hours) reached 58.76 

compared. to 90.6 hatch of the eggs turned 12x. The gentle-. 
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ness of turning i s, therefore, an important complementary 

factor. 

Since turning eggs by tilting is an artiri.cial method 

the size of the angle of turn mould seem an important assocï =ted 

factor. Funk & Forward (1953) discovered that indeed the 

angle of turning affected hatchability very greatly. With 

angles of 200, 300 and 450 (45° angle was z.ec d in the 

experimontsto be discussed) they obtained these hatch result 

69%, 79;x', and 85% respectively. Embryonic mortality was 

significantly reduced in the third meek of incubation by 

turning at 450. This work followed on from earlier work 

of the same authors (1952) in which they turned eggs in more 

than one plane or in other words incubated eggs in several 

positions as against the two positions of the present method. 

Hatchability was superior in the eggs turned through more 

than one plane and the reason suggested for this was that 

embryos were being made to come in contact with fresh egg 

material, hence providing more suitable nutritional conditions 

for their growth. The same reason was suggested for the 

improvement in hatchability usually obtained by frequent 

turning. 

The direction of turning also appears to be of some 

significance in that eggs should not be turned (rotated) 

always in the same direction since this causes high mortality 

due to ruptured blood vessels and broken yolk sacs (Olsen 

& Byerly 1936). This problem would seem to be overcome by 

tilting eggs. 

The full explanation of the beneficial effects of 
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turning is, however, not known so it was with this in mind 

that unhatched embryos were examined and classified 

according to General Materials and Methods. It was hoped 

by this that clues to causes might be discovered. The 

distribution of mortality and the incidence of malpositioned 

or malformed embryos were the main objects of this 

investigation. 

While Olsen & Byerly (1936) found mortality to be 

reduced with frequent turning in each of the three weeks 

of the incubation period but with the greatest reduction 

in the last creek, Insko & Martin (1933) considered the 

greatest benefit from increased turning to accrue from 

lowered mortality in the first 3 days of incubation. The 

high rates of turning investigated by the former are similar 

to that studied here which probably accounts for the close 

agreement between their results and the present. Insko & 

Martin's highest rate of turning was 8x and it may of course 

be the case that by turning at such a frequency, in contrast 

to very few or zero turns per day, a comparative reduction 

in early mortality may be the only benefit. When eggs are 

turned. at much greater frequencies other factors come into 

operation to reduce later mortality significantly and 

additionally. For example, a general improvement in the 

physiological environment of embryos by frequent turning 

would be expected to result in a reduction of mortality 

towards the end of incubation rather than at the outset. 

A reduced incidence of maloositioned embryos post -hatch 

would reflect a reduction in the mortality of the last 



94. 

period of incubation, a feature of the results of this 

investigation. The conventional malpositions were 

originally (but erroneously) thought to be completely lethal 

in that embryos died or failed to hatch because they were 

in abnormal positions just before hatching time - a subject 

reviewed by Byerly Olsen (1936a) and investigated ií1 Part 

3 of this Section. Evidence that frequent turning reduces 

the post- hatch incidence of malpositions has been provided, 

as previously mentioned, but none has been provided on the 

effect of various rates of turning on the pre-hatch iiacidenc= 

of these malpositions which would truly represent the effect 

of turning. It may be that frequent burning also improve, 

the hatchability of some malposition types, thus including 

a further factor in the relationship of post hatch incidence 

to turning frequency. In the absence of unequivocal 

evidence on this point, however, the post hatch incidence 

has been taken to represent the effects of turning. 
. 

Greater responses to turning were found in this work 

with regard to the incidence of Malposition II end VI that 

that of Malpositions I and III. While a tentative 

suggestion has been put forward by Marshall (1952) and 

Maffey (1955) that turning right correct any deflections of 

normal orientation during the early stages of embryonic life, 

which would suit the case of Malposition II, it is difficult 

to see how this would affect the incidence of the other 

three since they are thought to arise nearer full- term. 

However, it is postulated that infrequent turning may create 
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such a poor physiological environment within the egg that 

embryonic development and hence orientation, towards hatching 

time, may be delayed which theory would encompass Malposition 

I and VI and possibly Malposition III. 

Although no information is available on the effect of 

turning on the incidence of malformed embryos it has been 

shown by Landauer (1951, p. 159) that poor incubation 

environment in general affects their incidence presumably 

because, among other reasons, the physiological environment 

within eggs is consequently deteriorated. Accordingly, 

the incidence of embryos manifestly abnormal was investigate 

and found to decrease with increased turning frequency. It 

is, nevertheless, interesting to note that no teratogenic 

response to shaking agitation was found by Olsen & 3yerly 

(1938). This may be explained by the fact that severe 

mortality resulted which would tend to preclude the further 

development and observation of abnormal embryos arising from 

the treatment. 

Little attention has been said in the past to the effect 

and desirability of turning eggs for only a part of the 

incubation period, say, the first week or the last. New 

(1957) has claimed, however, that turning only during the 

first week gave as good hatchability as turning throughout 

incubation (i.e. to the 18th day). 

Materials and Methods. 

A general description of the materials used and method 

of experimentation adopted is given earlier on pages 5 -52 

with a detailed account of the method of varying the 
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frequency of turning on pages 23 -25. 

The eggs used in this series of experiments were 

obtained from two classes of birds (a) adult breeding hens 

maintained on free range and (b) pullets in battery cages 

which were inseminated artificially. The source of eggs 

for each rate of turning investigated is given in Table 11. 

The eggs subjected to various rates of turning were 

incubated in the TREATED incubator: In the CONTROL incubator 

the rate of turning was 24x. A Control hatch was run 

contemporaneously with each hatch of the Treated, The only 

known variant between the two incubators was the level of 

turning frequency in the TREATED. The humidity in both was 

maintained at 55-56% R.H. throughout the incubation period for 

all experiments. 

The rates of turning investigated in order to find the 

optimum rate for hatchability are listed in Table 11. They 

epresent the main series of experiments. In the same Table 

the rata of turning applied in other experiments is also 

available, namely:- a preliminary or pilot experiment at 96x 

d one at a very high rate of turning, 480x, and a series 

f 4 hatches investigating the effect of Periodic Turning 

n hatchability, i.e. turning for only part of the incubation 

it-riod in which turning normally i, practised (first 1E3 days)1 

ach Treated hatch had a contemporary Control hatch the 

ormation for which is the same as shown in the Table. In 

he hatches where eggs from battery pullets were used the 

allocation of eggs between incubators was carried out on a 

per bird basis, i.i. the eggs of each bird were distributed 
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at random to the two incubators (treatments). Bird 

families were also equated. In all the other hatches eggs 

were allocated at random from the flock. 

Results and Discussion. 

,he Effect of Various Dates of turning on Uatc_habili y: 

2ptimum Turniri;;i Rate InvestiLgtion. 

Comprehensive data concerning this series of experiments 

is available in Appendix II, Table 1. Information relating 

to setting, hatching results and cauces of mortality are 

preeentod there for each rate of turning investigated and 

also the corresponding Control hatches. 

The effect of various rates of turning on hatch .bi].ity 

is illustrated by the graph Figure 6, the figures for which 

were taken from Table 12, 5th column from the left. The 

plotted figures represent the difference in hatchability 

between the eggs incubated at the various rates of turning 

(Treated) and those eggs incubated contemporaneously as a 

Control at 221ßc (zero -line) . They were obtained in the first 

instance by finding the differences in hatchability between 

the two groups for hatches(2 or more) conducted at each 

xperimontai turning level and then taking the meah of the 

ff erences. 

The reeults indicate a decided response in hatchability 

o changes in the frequency of turning. This is clearly 

ndicated by the graph where it can be seen that hatchability 

s severely reduced when eggs are not turned during incubatio; 

Fproves greatly when turned but only once in two days and 

then continues to improve significantly to a maximum when 



TABLE 12 

The effect of various rates of Turning on Hatchability 

No. Turns 
per d.ay , 

No. 

Fertile 
EEZs 

Hatch 
per 
cent. 

Difference 
(T - C) 

Mean of 
Differ- 
ences 

Sum of 
Chi-Square 

T vo C 

Degrees 
of 

Freedom 

Statistical 
Significance 

0 
24 

( o 

( 2!+ 

107 
106 
117 

123 

13.1 
88.7 

14.5 
91.9 

- 75.6 

- 77.4 - 765 313.3 2 

1:2) 
24 ) 

(1:2 
24 

84 
103 
141 

138 

61.9 

79.6 
63.8 

83.3 

77.4 
90.7 
76.8 

84.6 

- 17.7 

- 19.5 

- 13.3 

- 7,8 

- 18.6 13.8 2 * * 
2 ) 

24 
( 2 

,_1. 24 

6) 

24) 

6 
24 

164 
16 
160 
165 

176 
160 
166 
167 

- 10.59 5 14. 8 2 

80.2 
81.7 
75.2 

n4.9 

- 1.5 

- 9,7 

- 0.4 

- 6.1 

- 5.6 

- 3.2 

5.4. 

4.1 

2 

2 

_ __u . 
Just fails 
at 5t level 

Not si. 

12) 

24) 
(12 

(24 

221 
227 
201 

212 

82.8 

83.2 
81.0 
8 .1 

4.8 ) 

24) 
(48 

( 24 

48) 
24) 

y4.8 

(?.4 

160 
186 
208 
184 
187 
194 
211 
218 

92.5 
86,0 
92.3 
82. 6 

87.2 
87.1 
89.6 
83.9 

+ 6.5 

+ 9.7 

+ 0.1 

+ 0.7 + 4.25 13.3 4 * * 

p IV 

96) 
24) 

( 96 

( 24 
96 
224) 

( 96 

165 
1514 

154 
143 
164 
155 
135 
140 

77.6 
72.7 
86.4 
82.5 

84.8 
78,7 
85.2 
70.0 

+ 4.9 

+ 3.9 

+ 6.1 

+ 15.2 + 7.53 13.6 4 .`.¡?14 
144) 
24 

(114 
( 24 
144) 

24 ) 

144 
140 

132 
142 
114 
11,3 

156 
142 
176 
175 
163 
161 
138 
143 

85.4 
82.9 

83.3 
76.1 
84.. 2 

80. 5, 

35.3 
86.6 
81.8 
81.1 
85.3 
80.7 
81.2 
80.4. 

+ 2.5 

+ 7.2 

+ 3.7 

- 1.3 

+ 0.7 

+ 4.6 

+ 0.8 

+ 4.47 

+ 1. 2 

3.:A. 

0, 

3 

---- 

No sf.p_e,_,,,_, 

Not 

(192 
( 24 
192) 
24 ) 

(192 

( 24 
192 
24 

* * Denotes statistical significance P = 0.01 or lower 
(1% level) 
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turned 96x.yond this point hatchability is shown to 

decrease slowly as the rate of turning is increased so that 

at 192x point it is very similar to that of the Control eggs 

turned 24x. This decline is continued still farther, f or, 

when eggs are turned continuously during incubation (i.e. 

480x) hatchability is approximately 10% less than the Contro 

The result of that experiment (Table 2 Appendix II) has been 

omitted from this series since it was exploratory in nature 

and its graphic illustration provided undue diffilaulties of 

presentation. 

The shape of the graph is that expected of biological 

material. The statistical significance of its plotted points 

in relation to the Control is shown also in Table 12. Each 

point from Ox to 2x and 48x to 96x is shown to be significant 

ifforent from the Control. At the 6x point the difference 

-twucn Treated and Control just fails to be significant due 

resumably to the small number of eggs used. Circa 500 eggs 

r treatment would be necessary for this 5.6% difference to 

si nif. icant, (q. v. General Materials and Methods) . No 

significant difference is shown bet'wten the hatchability of 

ggs turned 12x and 24z although a mean difference of 3.25% 

as obtained to the detriment of 12x. It is highly probable 

hat this result reflects fact since fairly largo numbers of 

ggs (approx. 420 per group) were used in this experiment and 

iso,when this difference (3.25%) is plotted on the grauh,it 

coincides closely with the expected trend of change from the 

6x pointy through the C::ntrol point, to the 48x point which is 

shown to be sigizificantly (Stat.) different from the Control. 
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That is to say the value of the difference in hatch percentage 

(3.25) between the 12x and 24x points is about correct and 

although no statistical support is available it probably 

constitutes a real difference. From a practical point of 

view it would be advantageous to turn eggs 24x rather than 

12x. 

As just mentioned the difference (4.25 %) between 48x and 

the Control in favour of the latter is statistically 

significant, from which it follow, that 44x is also superior 

to any rate smaller than the Control (24x). The curve of t 

aph continues upwards still from that point until it eeache 

maximum at the 96x point where experimental evidence has 

hown the difference between the Treated and Control to be 

.53% and statistically significant. Beyond the maximum 

oint the slope of the graph begins to decline as determined 

. the experiments carried out at 144x -end 192x: 4.47) in 

atch was round to be the mean difference between 144x end 

ontrol, a value very similar to that found between Control 

d 48x (4.25 %). It is interesting and perhaps significant 

hat these two rates of turning are equidistant from, but on 

on either side of 96x indicating a parabolic response of 

hatchability to turning between these two points on the rate 

of turning scale. Although no statistical significance was 

found for the difference between 144x and Control due to 

inadequate number of eggs used it is considered likely that 

it constitutes a real difference. At the 192x point the 

line of the graph closely approaches the Control zero line 
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and as expected no statistical significance was found in she 

difference in hatch (1.2%) between eggs turned 192x and 24z. 

A fairly acceptable assumption, following the previous 

description of the graph and results, would be that the line 

of the graph from the 192x point would tend to continue 

across the Control line in a downwards direction, thus 

indicating a continued decreasing response of hatchability 

to turning freuency above 96x. That this is so was cor:ir'. 

by the exploratory experiment in which eggs were turned 43x. 

The result of this experiment showed that hatchability was 

10% less at 480x than at 24x. It seems, therefore, that 

hatchability is not so greatly decreased by the exceptionally 

high rates of turning and that the line of the graph would be 

represented as a slightly lore gentle decline than that shown 

rom 96x to 192x. 

It would appear from appreciation of the results that the 

ptimum rate of turning is circa 96x, the rate at which the 

eatest positive difference from the Control was obtained, 

hat this is the optimum point may be questioned in view of 

r 

Prather large difference (15.2;) obtained in the last hatch 

pf that group, thus giving a high mean difference overall. 

his if1rgc difference can be reasonably accounted for if 

úfal scrutiny of the detailed results (Table i Appendix II) 

s carried out. It is seen that the actual hatch % figures 

are not abnormally high (85.2 %) for 96x or abnorma low 

(70'4 - although fairly low - 'or the Control compared to the 

ther results of that experiment. However, on looking at 

he age distribution of mortality it is seen that abnormally 
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j 

high mortality (12) occurred during the middle period of 

incubation in the Control hatchwhile particularly low 

mortality (5) occurred in the 96x hatch. Therefore, in the 

absence of technical errors of incubation (carefully 

investigated) it seems that this particular result, a 

difference in hatch of 15.2%, was brought about by chance 

coincident abnormally high and low mortality peaks in the 

two 'hatches. 

The results of the preliminary experiment at 96x (Table 2 

upper section Appendix II) further supports the contention 

that this rate of turning is the optimum found here for 

hatchability. The mean difference from the Control of the 

wo hatches carried out was found to be 2.2% + 8.7% 2 = 5.4 

value greater than that found at 48x or 144x and would have 

en greater still had not a technical error of incubation 

tially invalidated the first result (hence the omission 

f this particular experime nt from the main series). Taking 

nto account all six hatches carried out at 96x the mean of 

he differences from the Control is 6.3% so that the plotted 

fference, 7.53 %, tends to be on the high side. 

There is, however, no statistical proof that the hatch- 

bility at 96x is significantly different from that at 48x or 

It is considered, nevertheless, by virtue of the 

ignif'icant shape of the graph that there is a real difference, 

tween them. Hence 96x appears to be the optimum rate of 

urning hens' eggs to obtain maximum hatchability. Under 

Commercial conditions of incubation, however, at this frequen 

wf turning the cost of wear and tear of moving parts in the 
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incubator may offset the advantage in hatch expected over 

48x or les. 

Therefore, -Although 96x has been shown bo be the optimum 

rate of turning of those investigated here it may, in fact, 

not be the most suitable for incubation practice in general. 

The only previous work similar in execution and result 

is that of Olsen & Byerly (1936) who turned eggs 3x, 4ßx and 

96x by holding them on their small ends and turning through 

an arc of 30° about their short axes while s,imultanecusly 

(and in addition to the present method) rotating them about 

their long axes through an arc of l40°. Eggs incubated in 

a horizontal position and turned. 3x by hand in a hit or miss 

fashion served as controls. Their hatchability results are 

as follows: 

La e of Turning ILI. jfertile kIs Fi"ci1 f' 

96 4,133 73.6 

48 1,423 73.8 

3 342 64.5 

0-3 6,025 66.8 

A strict comparison between the present results and the 

above is not possible but a general indication of improvement 

in hatch at the higher rates of turning, as shown, is similar 

to that obtained here. 

As far as can be ascertained from the literature no othe 

experimental work of this nature, except that already mertio 

in the introduction, is available to support the present 

salt, which, however, does not fall outwith the normal 

conditions of natural incubation as observed by some 

investigators. 

d 
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Survey o.f.' Mtual kuteh nereenta es 

In the first instance it is important to note the large 

variation in results obtained throughout the series of 

experiments in the Control groups Which were incubated under 

similar conditions of incubation environment but differed in 

respect of season and source of eggs (including variable 

management of hens and their breeding). The range extends 

from 70.0% to a maximum of 91.9% which if not accounted for, 

is capable of nullifying results. 

The mean hatchability of all the Control eggs, obtained 

dividing the total number of fertile eggs hatched by the 

ber set (3282 z 3957) is 82.94. This figure gives only 

indication of the general level of hatchability since 

ighting occurs .due to .unequal numbers of eggs incubated at 

la fferent seasons etc. It is, however, an acceptable level 

ince the estimated average for the United Kingdom in 1959 is 

iven by Coles (1959) to be 83-84% of fertile eggs. 

i reasonable guess can now be made of the hatchability 

{which on the average could be expected by turning eggs 96x, 

sing 83% as the Control figure and 6-7% as the observed 

fference; namely 89 -90% of fertile eggs. 

The actualritch results of the Treated groups are not 

omparable among themselves (as previously explained), but 

ome are sufficiently interesting to warrant further brief 

mention. For example, the hatch obtained at Ox - mean 13.8% 

is extremely low, but similar to that expected but 

infrequently investigated by other workers. Eycleshymer 
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(1906) reported a 15% hatch of unturned fertile eggs, Banner 

(1920) an 18% hatch. Marshall (1952) believes not only 

that hatchability is of this level but also that all the 

hatched chicks from unturned eggs are cripplid, a condition 

not found in this investigation although the chicks were 

observed, how giver, to be smaller than normal. No further 

differences in quality of hatched chicks were observed in any 

of the present series of experiments including the 480x hatch 

It would appear, therefore, that some degree of 

turning is essential for successful incubation. This point 

is clearly illustrated by the great increase in hatch (57.9%) 

obtained when eggs are turned but only once in two days 

compared to no turning at all_. 

In considering the results of the hatches carried out 

in the Spring of consecutive years when 4, 96 and 192 turni 

rates were being investigated using eggs from battery hens, 

a general progressive lowering in hatchability is noticed 

which can be accounted for by the increasing proportion of 

inbreeding taking place. In addition the relatively low 

figures of the 96x group of hatches may be, in part, 

attributed to the use of diluted semen for breeding purposes 

ere in the other two ;ears (48x and 192x) undiluted semen 

s used. 

The influence äßr +urning on Periodic Mortality 

11 

The number of embryas dying within the age groups stated 

n the General Materials and Methods Section, i.e. 0 -10 ays, 

-17 days and 18-21 days are preeer ted in Table 1 Appendix II 
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for the main series of turning experiments. 

in considering the po3sible effect of turning on the 

pattern of mortality (Periodic Mortality) the numbers occur- 

ring in each period have been related to (a) the number of 

fertile eggs and. (b) total mortality. .Üi;3c.7.seion, however, 

is centred on the former since in working with Total Mortality, r, 

a factor which tends to bias results creeps iii. This factor 

is brought about by changing mortality, necessarily incurred 

by experimental treatment, in which numbers tend to be small. 

Further illustr . tion of this problem is available in Section 

of this Thesis pp. 68 -69. However, the changes in 

proportions of periodic mortality are shown in Table 4a and 

4.1:) appendix. Il for reference. A similar arrangement caters 

for the proportions of malpositioned embryoe occurring in the 

last period of mortality. 

(a) Periodic Mortality exaresacd as a , ercentage of fertile 
eggs set. 

In Table 3 Appendix II the percentage figures of periodi 

ortality occurring in the Treated and Control groups are 

alculated and contrasted, sido by side, for each level of 

experimental turning, by obtaining the mean of the hatches 

Carried out. At the foot of the table an overall mean is 

given of the Control groups to give an indication of the 

general pattern of mortality occurring during the series. 

ç 
The pattern is about the usual obtained previously by other 

rkers. On closer examination of the figures in the Control 

olumns a large variation in the mean mortality per period is 

ound,, e.g. the final period of incubation (18 -21 days) 

iscloses a range of mortality from 5.2% to 12.3 %. This 



THE EFFECT OF TURNING oN PERIODIC M0A- rALITY (Pan G4NT. Fr.PTr -E EG-Gs) 

o 

o 

0-10 DAYS 

II -17 DAYS 

-X- 4- 

o 

IS DAYS 

-JO - 
p>f, 4 Iy 2 
4 

RATE or TURNING: Pc* DAY 

94 I4 

+ 
__-____X _ 

191 



TABLE 14 

No. of embratmaaLealellN----Pmbr"le issaa 
turned at various fret.uencies 

Turning 
frenuency 

aml....1.000, f, 

No. dead: 0 - 10 days i N%5 observed stuck 

T C T 

o 17 

O 27 

6 

6 

1:2 13 

1:2 12 

At hidier 
rateo 

5 

6 

rea***/*WaroW 

10 o 

2 0 

O 

none 

o 

a 77 CI -111..1.01011,01 
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that membrane when it ,separates off the air cell, is shown 

in Table 14. 

Approximately 50% of the embryos classified as dying in 

this period in unturned eggs were therefore, .round sticking 

to the membranes. This result can inly be taken as an 

indication of the cause of death since these embryos were 

not examined until the 13th .;:.ay of incubation ana hence may 

have died before adhering to the membranes. That sequence 

of even is may in fact be the usual, in which case other 

causes of c1eath are responsible. New (1957) has shown that 

absence of turning results is in an abnormal degree of adhesion 

between: chorion and shell membranes at the 7th dry of 

incubation; the probable inference being that this abnormal 

adhesion is closely connected with the causes of high 

mortality found in unturned eggs. However, no clear evidence 

of embryos adhering before death is yet available. 

Olsen & Byerly (1936) have shown mortality to be loweredl 

not only throughout incubation by frequent turning (96x and 

48x) but significantly so during the first week. It is 

interesting to note in their work that early embryonic 

mortality was approximately 2% less in eggs turned 3x and 

positioned broad egad up than eggs turned 3x in a hit -or -raise 

fashion horizontally positioned. This may be due to lower 

preasure between embryo and air, cell membrane in the broad - 

end-up eggs compared to that between embryo and shell of the 

horizontally placedoggs. 

Clark (1933) found that embryonic growth was significantly 
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greater in the first 10 days of incubation when eggs were 

turned 6x compar sci to 2x and that this efZ,ct of multiple 

turning was lost as development pros edce and as factors 

determining embryonic size began to function (e.g. egg weigh 

This discovery° lends support to the present results since 

where stronger growth is achieved lower mortality usually 

follows. It may be possible that stronger growth is 

achieved at the iigher rates of turning by the ;reer flow 

of metabolic requirements (and products) in blood vessels 

and through membranes free from adhesions. 

Although fuil knowledge of the causes of death during 

this period is lacing it would seem that increased turning 

frequency - certainly above 2x - lessens the effect of some. 

Beyond the 6x point it is doubtful whether i" duced mortality 

is obtained although a tendency is shown here. 

11.1`/ days 

The incidence of mortality during this period in 

relation to rate of turning follows a similar trend to earlie 

mortality. It is relatively high when eggs are unturned 

but as soon as they are turned even once in two days it falls 

to the level of the Qontrol. Very small differences in 

mortality are than recorded for rates of turning beyond this 

with a tendency for reduced mortality at the 4 and 96x 
points. The observed trend is to be expected since no 

obvious cause (or cause.) of death peculiar to this period 

and associated with turning are known. 

However, it is suggested that adhesions of embryo to 

embryonic membranes are likely to occur at any time during 
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incubation if eggs are unturned or turned infrequently. 

They are also likely to 000ur abnormally between membranes. 

The chorio- allantois is known to adhere to the shell membranes 

and be fully fused about the 10th day of incubation (Lillie 

1952) as a normal feature of development. This normal 

adhesion is evidently primarily related to the respiratory 

needs of the embryo. It has been suggested, therefore, by 

New (1957) that turning is not a device to prevent adherence 

of these membranes altogether but to prevent it occurring 

too soon. It would seem important they should not adhere 

firmly before the 6th day since that would prevent the rapid 

expansion of the two membranes normally occurring then. 

Unfortunately no information is available on how long 

interrupted physiological processes of metabolism, caused by 

these adhesions,would take to kill. the developing embryo and 

hence mortality due to this during the second period of 

incubation remains a matter of surmise. 

A propos of the previous discussion it follows that a 

high rate of turning is possibly beneficial in that it 

prevents abnormal adhesions thus reducing mortality. 

Olsen & Lyerly (1936) found mortality to be reduced in 

the second week of incubation when eggs were turned 96x and 

48x compared to 3x. The Vigures given are respectively 

2.6, 3.3 and 5.45% of fertile eggs. Insko & Martin found 

no response in this respect to turning 2, 4, 6 and Fax 

(comparatively infrequently) during the period 4 -16 days of 

incubation; a result in contrast to the present. 
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Beyond the 96x point the graph shows a distinct tendency 

for mortality to increase again, a phenomenon which is neither 

clearly understood nor fully explained by variations in the 

individual results obtained. 

18 -21 days 

It is important to realise that turning ceases before 

mortality in this period occurs but since all the eggs were 

treated similarly after the 18th day of incubation any 

changes in mortality incidence must be associated with, if 

not directly the result of, the changes in rate of turning 

applied before the 18th day of incubation. 

The incidence of mortality in this period follows the 

same general trend as in the earlier periods. However, the 

magnitude of the differences (from the Control) producing 

the trend is comparatively greater which is to be expected 

since of the two major mortality peaks occurring during 

incubation the second (last period) is the greater. The 

point is simply illustrated by the overall mean figures of 

incidence in the Control group for the three periods of 

mortality shown. in Table 3 Appendix II, viz.: 5.6874 2.78% 

and 8.36% respectively. 

The difference in mortality rate at Ox is shown in 

Figure 7 to be comparatively very great during this period 

being approximately three times as great as in each of the 

first two periods. The decrease in mortality from Ox to 1:2x 

is equally significant, this change continuing to the 2x point 

before gradually reducing to the zero line. It is thought 
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likely that the true line of the graph would present a smoot 

curve reducing to the zero line but, on account of insufficient 

numbers failing to minimise variation, is shown here as a 

broken curve. The main cause of this erratic curve is the 

value of the difference at the 2x point where the actual 

mortality incidence is abnormally smaller than in the first 

period. 

The line of the graph than passes through the fixed 

Control point to the 48x point indicating a decrease in 

mortality with increased turning (4.1% less than Control at 

the 48x point). This fact, that comparatively high rates 

of turning result in decreased mortaity, holds good for 96x- 

192x but with a gradual decline in advantage at the higher 

rates of turning. 

The general trend of this graph is similar, but reversed, 

to the changes in hatchability obtained by changing the turning 

rate, which would tend to indicate that the main effect of 

turning was to be found in the changes of mortality incidence 

occurring during the last period of incubation. A relative 

comparison of the amplitude of each periodic graph and their 

individual points clearly shows this to be the case. For 

example, a far greater reduction in mortality was achieved in 

the last period by turning compared to no turning and at the 

96x point also the greatest reduction was obtained in the 

last period. 

Olsen & Byerly (1936) round the same general effect. 

They found that the difference in mortality incidence was only 

bout 1 -2% in the first period whereas it was 6% different 



TABLE 15 

The total incidence (per treatment) of "no abnormality" urlhatc ted embryos: 

expressed as a percentage of fertile e s. Information 

abstracted from Table 1 A D. II 

Raté of turning 

Treated 

Incidence o Difference 

Treated Control T -C % 

0 13.2 1.3 + 1149 

1:2 6.9 1,2 4 7.7 
2 4.0 3.0 + 1,0 

6 3.2 4.0 .. 0.8 

12 5.7 3.2 + 2.5 

CONTROL 

48 2.9 4.0 - 1.1 

96 1.8 
J 

2.5 - 0.7 

144 2.6 4.1 - 1.5 
192 1.8 1.8 u.,- 
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(less) in the last period when eggs were turned 48x and 96x 

compared to 3x. A rough interpolation of the present results 

would give 2 -3% and 67% respectively as being the difference 

in mortality incidence found in the first and last periods 

of incubation between eggs turned 96x compared to 3x. 

There is no doubt, therefore, that mortality is reduced 

by frequent turning in all three periods but the greatest 

reduction is obtained in the last -period. 

Possible causes of chin lin z mortelity during ,the last ':eriod 

of incubation. 

Two possible factors are postulated to account for the 

changes in mortality brought about by the various ratos of 

(itturning. The first (a) has a physiological basis, the secon 

(b) an interrelated physiological and mechanical basis 

associated with the correct orientation of the embryo towards 

full term and the incidence of rnalpositioning. These are 

now discussed in turn. 

(a) As indicated in the General Materials and Methods Soctio 

atched embryos were classified under headings in which, 

among others, no apparent abnormality, either somatic or 

positional, was observed and i,:f the incidence of this catego 

s examined support for the postulation of a physiological 

+asis is revealed. 

While the fact that these "no abnormality" embryos 

ccur is a pointer to the physiological basis of their origin, 

nly the changing incidence shown by Table 15 indicates their 

elationship to turning. The figures in the difference 

olumn represent the difference in the total incidence of the 
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ano abnormality, pipped arad unpipped" unhatched embryos 

between the Treated and Control at each level of turning. 

It is f ly clearly indicated by them that the incidence of 

such embryos is high at the low rates of turning with a 

gradual decline until at the higher rates (above 24x) the 

incidence reaches its minimum, a now familiar trend of 

mortality reflecting the changes in hatchability associated 

with turning. 

While no information of the causes of death of these 

embryos is available in the present work, suggestions by 

other workers would account for some of the deaths. For 

example, Marshall has shorn that visceral anomalies (143) 

and heart abnormalities (1951), regarded by him as the cause 

of death, occur frequently in full term unhatched embryos. 

Respectively 3540% and 30% were the incidence levels found. 

ow, those types (3:* a bnormality may in fact be wholly or 

partly responsible for the incidence found here. They may 

be predisposed (influenced). by suboptimal environment in which 

case the changing incidence of "no abnormality" embryos found 

ere would suggest that turning was affecting their incidence. 

ther work is obviously necessary to investigate this issue. 

Another cause of these full term failures comes under 

he general heading of adhesions to which reference has 

lready been made. It would seem possible, if not probable, 

ghat any imperfect or impeded development and functioning of 

xtra- embryonic membranes essential to normal growth and 

evolopment of the embryo would produce a certain degree of 

mortality, not only during the earlier periods of incubation 
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but also, it is thought, towards the end since poorly 

developed embryos would have less chance of escaping the 

shell. That this is the case h.s been indicated by Randles 

& Romanoff (1949) who also believed that agitation (turning) 

would h ve reduced the mortality at hatching time found in 

unturned eggs. They reported that in unturned eggs the 

volume and albumen content of the amniotic fluid are both 

decreased and suggest the cause of death in unturned eggs at 

hatching time is due to the disruption of the normal path of 

albumen utilisation, i.e. by way of the amnion into the yolk 

sac. This, they found, was the result of the failure, in 

unturned eggs, of normal growth of the albumen sac, ie. the 

growth of the allantois around the albumen in the small end 

of the egg. Further studies by the same authors (1950) 

disclosed differences in the physical properties (Specific 

gravity, Refractive index and pH) of the amniotic and allantoic 

fluids in turned and unturned eggs which, they state, reflect 

Iterations in embryo physiology as a result of lack of 

turning. 

In addition to the discoveries of Randles & Romanoff 

(ibid) it seems, therefore, that adhesions of the amniotic 

embrane reducing the internal volume of the sac could be a 

ossible cause of the high mortality found here in the eggs 

urned infrequently and occurring in the third period of 

ncubation. Further knowledge specifically relating to the 

rffect of turning in this respect is unfortunately unavailable 

at the present time and to discuss possible reasons for the 

reduced incidence of this category at the high rates of turning 



TABLE 16 

galpositions expressed as a percenta_- of Fertile 
Difference of means Treated minus Control 

abstracted from Table 5 ,p. Ii 

No. Turns 

portly 
Treated 

0 

1:2 

2 

6 

12 

24 CONTROL 

48 

96 

114 

192 

I 

+ 2.75 

- 0,7 

- 0.6 

0.0 

+ 0.05 

- 0.64 

+ 0.18 

- 0.48 

- 0 36 

VI 

+ 12.5 + 2.5 + 18.25 

+ 1.5 + 0.85 + 2e5 

+ 0.9 -, 0.9 + 1.55 

- 0.35 + 2.0 + 2.9 

- 0.2 - 0,15 + 2.0 

- 0.35 

, 1.08 

- 0.52 

+ 0,63 

- 0.3 

- 1.72 

+ 0.29 

r 1,03 

- 1.47 

- 0.44 

- 0.12 

- 0.05 
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is perhaps too speculative. 

However, the general inference is that the optimum rate 

of turning may provide the most suitable physiological 

environment in the egg so that growth and development may 

proceed unhindered, e.g. by the detrimental effect of adhesions 

which are known to occur in eggs turned infrequently and by 

infItteenciekg other physiological factors of which little is 

known. 

(b) The effect of turniny,on the post -hatch incidence of 
Ma1positions, I. II. III and VI. 

Although turning normally ceases on the 18th day of 

incubation it was considered possible for the preceding 

treatment to affect the incidence of malpositions post hatch. 

All the experimental eggs were treated similarly after the 

18th day and therefore any change in incidence would reflect 

the effect only of the rate of turning previously applied. 

The detailed results of this investigation are available 

n Tables 1 and 5 Appendix II which show the number and 

ncidence (per cent. fertile eggs) respectively of each 

1position category per hatch. In Table 5 Appendix II the 

ncidence of each category occurring in the Treated group is 

abulated alongside the incidence of the comparative Control 

oup for each rate of turning experimentally investigated. 

e mean of the hatches is similarly arranged and in order to 

scover whether turning has an effect on the incidence of 

e malpositions (as explained in Materials and Methods) the 

references between the means of the Treated and Control 

oups are obtained (Table 16) for comparison. Using these 
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Malposition II: Head in the small end of egg - Figure 8. 

The graph depicts a great decrease in the incidence of 

this position as soon as eggs are turned at least once in 

2 days. The incidence at Ox point is significantly high 

in relation to that at other pointe. From the 1:2x point, 

which is considerably different from the Control, the line of 

the graph would tend, it is considered, to curve gradually 

down towards the 24x point (Control) if variation due to 

experimental technique were eliminated. 

At rates of turning above 24x the incidence of afflicted 

embryos decreases to an apearent minimum at 96x before 

increasing again to just above the Oontrol at the 192x point, 

a reverse trend closely reflecting the effect of turning on 

hatchability. From this it is therefore suggested that 

turning influences the post-hatch incidence of embryos found 

with their heads in the small end of the egg and that the mor 

frequently eggs are turned up to a maximum of 96x the lower 

the incidence. 

1 osition III: Head to the e Figure 9. 

The difference in incidence between the Treated and 

Control at the Ox point is fairly considerable being about 

twice the general incidence in the Control eggs incubated 

throughout this series of experiments. This difference 

hile approximately similar to that of Malposition I at Ox 

is much smaller than that of Maiposition II or as will be 

seen Malposition VI. 

From the Ox point the graph indicates an irregular 

eduction in incidence to the zero line from which a further 
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decrease is shown with increasing rate of turning but again 

irregular. This irregularity in response to changes in 

rate of turning is of interest and can be accounted for in 

the first instance by the great variation in incidence shown 

in Table 5 Appendix II by the Control groups. For example, 

at the 144x point the incidence of Malposition III in the 

Control (0.47 %) is about cane third less than the general 

incidence (1.25 %) while in the Treated group the incidence 

( 0.76 %) is very similar to that found at the other high rates 

of turning above 24x viz: - 0.75% at 43x and 0.78 at 96x. 

Although rather erratic figures of the Control group would 

tend to show that the incidence of this malposition is more 

greatly affected by such factors a.s, e.g. season than by rate 

of turning, the overall general trend indicated by the graph 

and interpretation of the actual incidence figures suggests 

a slight response to turning with a decreased incidence at 

the high rates of turning. 

Malposition VI: Head over ri ht E1xa - Figure 9 

On examining the rel3vant graph the very great differenc 

in incidence (13,25 %) between Treated and Control at the Ox 

point is immediately obvious. When the eggs were turned 

once in 2 days the difference was found to be only 2,5 

indiaeting a relatively great response (15.75% incidence) to 

turning. From that point on up the scale of turning rate 

general trend is shown by the graph whereby the incidence 

Of Malposition VI falls with increased turning rate to a 

aximum of 4ßx and then rises again with increased turning 

gate to 192x. With judicious interpretation of the observed 
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TBLE 1 

Percentage incidence* of malpositions (from Olsen & Byerly 1936), 

Rate of 
Turning 

96 

48 

3 

Embryos alive 
at 18 days. No. 

MAI,POSITIONS 

I 

3,642 0.82 

1,245 0.63 

782 0.94 

II 

2.18 
1.96 

5.48 

III 

1.7 

2,2 

1..5 

Malpositions expressed as percentage of embryos alive 
at 18 days incubation. 
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incieences in each experiment the irregularities of the graph 

line can be smoothed. iut. 

Again these results show that there is a tendency for 

the incidence of embryos with their head and beak above 

instead of under the right wing to be lessened by relatively 

high rates of turning. 

Discussion. 

The foregoing results are supported to a large extent 

by the work of Olsen & Byerly (1936) who in the course of 

investigating the effect of 3x, 4&x and 96x on hatchability 

also examined the unhatched embryo; for malpositioning. 

Although the method of turning in their work was different, 

the eggs were nevertheless on their small ends. (The 

incidence of malpositions in horizontally placed eggs has 

been shown to be different to those incubated on their small 

ends (Byerly & Olsen 1936b). 

Table 17 shows the results of their work and that the 

incidence of malpositions varies with the rate of turning. 

Differences in experimental technique, however, may be 

responsible for the small discrepancies between their work 

and the present especially with regard to the incidence of 

1position III which in the above Table is shown to increase 

th increased turning. Nevertheless a very similar feature 

f their work is the relatively greater reduction in incidence 

f Maalposition II as compared to ntt1position I which suggests 

difference between the two c-itegories in the type of response 

o turning. Contrary to thisFunk & Forward (1952) found the 



TABLE 18 

ntage incidences of Ifalpoal.tio318 Fran Funk & Pbrward 1 

Positions of 
incubation 

No. Bap WIJPOSITICNt:i 

-- set i II 

2 1,657 2.23 1 0.42 0.54 2.23 

4 1,512 0.66 0.72 0.33 1.01 

6 1660 0.6 1.07 0.65 0.43 

., ................. .___ . . _ . 

ILalpositions expressed as per cent of eggs set. 
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incidence of M 1position_ II to increase while Malpositions 
I and VI decreased and Mialposition III changed little when 

eggs were turned in 2 or 3 pianos asc4posed to one plane 

(as here), i.e. they were held in four or six positions 

instead of two in between turning operations. Their result 

are shown in Table 13. 

Although incubating the eggs in foul' or six positions 

involved additional movement of the eggs above the Control 

rate of 24oc it is thought unlikely that the changes in 

incidence of the malpositions was due to this. The authors 

fail to suggest a reason and therefore, as one conclusion of 

this work, it cari be said that f requency of turning is not the 

only influencing factor in the incidence of malpositions; 

other factors associated with turning are also concerned. 

It is fairly clear, however, that turning minimises the 

post - hatch incidence of the malpositions studied here, that 

the greatest effect is shown between unturned eggs and those 

turned a few times per day and that the improved hatchability 

rates obtained at higher rates of turning are associated with 

his reduction in malpositions. 

Little information is available on how malpositions arcs 

d still less on how turning minimises their incidence. 

Both, it is believed, are affected b the early orientation 

f the embryo within the e g, ia,ffFey (1955) and Marshall (1952). 

on Baer as reported by Lillie (1952 Chptr. 3) is perhaps the 

riginator of this. concept. The orientation of the early 

mbryo is such that if the whole egg is placed with the broad 

nd to the left the embryo's head will be found directed away 
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from the observer when the blastoderm is above; that is the 

body is lying across the egg at right angles to the long axi 

of the egg on its left side with the head turned to the nigh 

In that position it develops until approximately the 14th 

day of incubation. However ̀ in only a small number of cases 

(10% or less) is the embryonic axis strictly at right angles 

to the egg axis; over 25% deviate as much as 45° or more fro 

the perpendicular, and in some cases (10-12%) the embryo is 

reversed with its head towards the observer. In general, 

the embryonic axis usually lies roughly at right angles but 

may deviate in 60 -75% of the cases between angles of 45° and 

135° with respect to the axis of the egg, following the curve 

of normal distribution." 

It would seem possible then that if the embryo develops 

a deflection from the right angle towards the small end of 

the egg, orientation at the 14th day to the "adult" position 

will be away from the air space at the broad end into "the 

head in small end" Malposition II (suggested by Taylor 1932). 

ther positions may arise similarly. Further, minor 

eflections may be offset by proper turning involving the 

¡correct frequency of turning and the correct method of turnip 

while major deflections may not, thus producing malpositioni 

1)n the other hand correct orientation may be prevented by the 

4.dhesion of embryonic membranes as suggested previously. 

The "deflection" theory would seem a reasonable 

ixplanatiori for changes in incidence of malpositions which 

q evelop before turning ceases on the lath day of incubation. 
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Into this category Malposition II likely to fall (Byerly & 

Olsen 1933) while it is doubtful with the evidence obtained 

in Section II Pte. 2 and 3 of this Thesis that Malpositions 

I, III and VI can be considered to do likewise. It would 

appear, however, that too frequent turning (144x to 192x) 

raised the incidence of Malposition II again but whether thi 

is the result of increased deflections is not easily discern 

here. 

Malposition I has been shown to be due to the effect of 

retarded development (rather than incorrect orientation, see 

Part 3 ow' this Section) which, it is believed, is brought 

about by many sub -optimal levels of factors concerned in 

incubation. If this is the case then sub -optimum turning 

frequency fits in to this conception as demonstrated here. 

The fairly insignificant trend found would tend to indicate 

that frequent turning has little effect in correcting the 

orientation of embryos afflicted thus. 

While the post-hatch incidence of Malposition III has 

been shown to be higher in eggs incubated broad end up than 

in those horizontally placed, (work reviewed by Byerly & 

Olsen 1936bß in eggs from hens on deficient diets (ByerlyQO6n 

1934),little is known of the time of manifestation of this 

condition or the mechanics of movement into this position. - 

Olsen & Byerly (1935) suggested that early rotation of the 

embryo might be responsible for this condition since they 

found a small proportion of 72 hour embryos lying on their 

right side with the head to the left (reverse of normal), a 

position very similar to Malposition III. However, they 
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could find no causal relationship between the two. although 

Byerly & Olsen (1934) and Dove (1935) consider that 

Malposition III is a consequence of delayed embryonic 

development this is refuted by the results of this study 

since many fully developed embryos in this position have 

been observed. A factor or factors as yet unknown encourage 

the head to turn left instead of right after the embryo has 

attained the longitudinal position in the egg from the 14th 

day of incubation onwards. 

4alposition VI, beak over the right wing, includes also 

those embryos with heads turned to the right but not yet 

turned far enough to be in contact with the wing either above 

or below it. (Head turning to right takes placo after lath 

day.) It is, therefore, suggested that the changing 

incidence found is due partly to the effect of incorrect 

turning frequency delaying embryonic development and hence 

orientation to the correct h aching position in those other- 

wise normal embryos. Apart t fr om this it is difficult to 

understand how turning prior to lath day can affect embryonic 

movements normally occurring after the 18th day of incubation 

(see Parts 2 and 3 of this Section). For embryos manifestly 

"beak over right wing" no explanation can readily be given 

except that a slight deviation in embryo conformation, arising 

from incorrect or incomplete orientation some parts of the 

body, may result in throwing thebeak o.tf its true alignment 

as it is moved into position. 

In conclusion while it would seem that turning reduces 

the poet- hatch incidence of the Malpositioris little is known 
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he influence of turni on the incidence of Tera.t4 in unhatched ev1Y. 

Information extracted from Table 7 App., II. 

Rate of No. Fertile Eggs Na. Terat<? 
Incidence Terata . 

Difference % of Fert.le Eg 
(T°c) 

C i t: i C 

o 224 229 io - 444 - + 4.4- 

1s2 225 241 7 2 ). i 0.8 + 2.3 

2 324 331 3 r. C. OF + 0. ä ' 

6 342 327 1 1 6.3 f.743 C.0 

12 /:22 439 2 - 0.5 .. + 0.5 
CONTROL W: tá, incidence 0.36 

48 766 782 1 - ::.1 r- + 0.1 

96 618 592 7 1 2 1.1 0.3 + 0.8 

144 390 395 5 1 1.2 0.3 + 0.9 

192 633 621 8 8 1.2 1.2 44 

480 176 173 3 1 1.7 0«.6 + 1.1 
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of the way in which this is accomplished. Three explanatio 

are worthy of consideration; the "deflection" theory, the 

reduction of adhesions and the improvement of the embryonic 

environment allowing maximum growth and development. 

The incidence oi' Terata.lo:;ica1 bnor ities a.nct othez 
onditions in unhatched embr os in relation to the frequency, 

of Turning. 

A list of the Malformations observed on gross examination 

is available in Table 7 Appendix II. This is given in order 

to illustrate the diverse types and combinations of terata 

which occurred. While no evidence is provided of the 

here,llitary nature of some of these conditions this factor is 

not wholly ruled out, A review of the known lethal and 

sub -lethal conditions in the fowl (Landauer 1951) shows that 

of all such malformed embryos found here only two - smundson! s 

micromelia and crooked neck micromelia - are not also 

influenced by environmental factors. It would seem, there - 

fore, that any changes in incidence found here would tend to 

reflect the influence of turning frequency. 

In Table 19 the total number of affected embryos, the 

percentage incidence of fertile eggs and the difference 

between the Treated and Control at the various levels of 

turning are given. The total incidence of all malformed 

embryos in the Control groups is also shown and is 0.36% of 

4,130 fertile eggs. 

In considering the actual incidence in the Treated group 

it can be seen that it falls considerably when the eggs are 

turned more than twice per day and then increases again 

beyond the 96x point. The degree of increase is not, however, 
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as great as the initial fall. New, the incidence of 

malformed embryos is known to be affected by season (Upp 

1934) and by incubator environent (Landauer 1951 p. 159) 

and, therefore, to eliminate any possible effects of these, 

the differences from the Control groups should be considered 

next. The trend shown is similar with the excention of the 

192x point which may be accounted for by the occurrence of 

known lethals in six cases out of the eight. The result 

at the 480x point supports this trend of increasing incidence 

with increased turning frequency beyond the 96x point. 

Apparently 48x is the optimum with regain to reducing 

the incic<rence of teratological abnormalities. Low rates of 

turning tend to produce more abnormal embryos on gross 

examination. How the changing incidence is brought about 

is not definitely known and it remains to speculate on 

whether the disruption of the organising centres of growth 

and development in the early embryo, heredity or general 

physiological conditions is mostly responsible. 

Photographic illustrations of some of the malformed 

embryos can be seen on Plates 37 to 41. Brief notes opposi 

each describe the conditions. 

Other conditions. 

The low frequency of these conditions, Clubbed Down, Bust 

Yolk, etc. (Table 1 Appendix II) prevents any association 

between their occurrence and rate of turning to be drawn. It 

is interesting to note that no significant increase in the 

incidence of "Clubbed" down embryos occurred in eggs obtained 

by Artificial Insemin-.tion_ from hens in battery cages (i.e. 

in the 48x, 96x and 192x trials) thus indicating a satisfactory 

nutritional level for breeding. 
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PLATES 3?. 38. 39. 

Full term embryo with crossed beaks, the upper pointint 

to the side of the head without the eye; Si ii? r to 

unilateral microptha.lmia reported by Maffey (1955 Pt. il). 



}.'~ _...:S#!.`... 
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?LATE 40. 

An almost full term embryo showing .multiple deformities: 

Cerebral hernia, short upper beak and ectopia viscerum. 

PLATE 11. 

Full term embryo with crossed beaks and in this ease 

neither eye present. 
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AN INVESTIGATION INTO THE WtECT OF PERIODIC TURNING DURING 
INCUBIA,TION. 

Detailed information regarding the experimental hatches 

carried out under this heading is available in Table 2 

(lower section) Appendix II. The results of the experiment 

are described seriatim. 

TREATED e;`rz' turned 24x to 7th day of incubation only. 

The hatchability of the Treated eggs (75.0 %) was found 

to be very similar to the Control (74.2 %) which were turned 

throughout. The age distribution of mortality and the 

incidence of n ipositions were essentially the same in the 

two groups. 

This result confirms the work of New (1957) who found 

that turning eggs once per day between the 4th and 7th days 

of incubation gave similar hatchability to those turned at 

the same rate throughout incubation. 

It would seem, therefore, that turning is only necess 

during the first week of incubation to give reasonable 

hatchability. 

TREATED s unturned to th da of incubation: urned , 

8 -18th day. 

The hatchability of the Treated eggs was found to be 

very low in comparison to the Control - 29.2% and 63.5% 

respectively, a difference of 34.3 %. The Treated figure 

approaches the hatchability level of unturned eggs (13 -14 %) 

reported previously and the difference (76.5 %) found then 

from the Control. There is, however, a considerable 

difference indicating that turning after the first week is 

beneficial. 
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Greater increases in mortality incidence were found 

in the second and third periods of incubation in the Treated 

eggs when compared with the Control. This, indeed, is 

unexpected but points to the fact that early turning is 

essential for red1ucin, later mortality confirming, to a 

certain extent, the previously discussed postulation that 

early turning is probably necessary for correct orientation 

of the embryo and that it prevents adhesions of normal (too 

early) and aonorm_a1 nature. 

The incidence ofMalpositions II and VI was found to 

be substantially higher also in the Treated eggs and correct 

orientation of the early embryo was also previously discusse 

as being an influencing factor in the origin of head-in-the- 

small end. Ma.iposition II. The present result would tend to 

confirm this point. With regard to the incidence of 

Malposition VI only delayed development would seem to 

reflect the experimental treatment of the eggs. 

Therefore, turning during the first week is not only 

necessary for reasonable hatchability but also essential for 

reducing mortality during the later period of incubation and 

thereby obtaining superior hatchability. 

TREATED eggs unturned to 3e dúys (4.th hour): Then 24x. 

The hatchability of the Treated eggs was found to be 

63.3% compared to 80.1% of the Control, a difference of 

16.8 %. This result represents a considerable improvement 

in hatchability over eggs unturned to 7th day (above) 

indicating that turning during the period between the 84th 

and 168th hour (7th day) ?roves to be of additional benefit. 



130. 

New (1957) regarded turning to be of greatest importance 

during the period 4th - 7th days of incubation ma; my on 

account of the prevention of adhesion between the chorion 

and shell membrane. 

It would seem, therefore, that in the first week turning 

of eggs is most beneficial between 4th day and 7th day; but 

there is a history of early embryos sticking to the shell 

membrane if eggs are unturned, and therefore, turning for 

the whole of the first leek seems to be more advantageous. 

Having tentatively established that turning during the 

first week only is similar in result to turning 24x through- 

out incubation the question then posed is whether turning 

more frequently than 24x mould be beneficial in the same 

way as was previously shown in the Optimum Turning Experimetdis? 

A tentative answer is derived from the next experimental 

hatch. 

T.ftEATEA egr ,s turned 96x to 7th úay o í1,v: CONTROL turned 2Qx 
to 7th day only. 

The h:.tchability of the Treated eggs was found to be 

63.2% compared to 69.6% of Control eggs turned for the first 

7 days, an insignificant difference with the numbers of eggs 

used. However, no obvious improvement in hatch was found. 

A higher incidence of mortality (Treated) found in the 

last period of incubation and also a higher incidence of 

malpositions are both in contrast to previous findings. 

This may have happened by chance but, it is considered, the 

problem is worthy of further investigation since it may 

reveal that turning 96x is not the optimum rate of turning 

for all periods of incubation. 
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CONCLUSION. 

1. Turning (moving) eggs is necessary and essential for a 

reasonable level of hatchability. 

2. To obtain maximum hatchability turning, by tilting eggs 

placed on their small ends through an arc of 900, must be 

carried out frequently. The optimum rate indicated by this 

work is 96 at even intervals throughout the 24 hours, i.e. 

96 turns per day (96x). 

3. It is not sufficient to turn at this rate only in the 

first week of incubation to obtain maximum hatchability, 

although turning only during this period was found to be 

equally as effective as turning throughout incubation to 

18th day at 24 turns per day. 

44 Turning frequently reduces mortality in the three 

designated periods of incubbtion: 0 -10 dais, 11 -17 days 

and 18-21 days. The greatest reduction in mortality 

incidence is found in the last period. 

5. Some indication has been given to the effect that with 

zero or infrequent turning, mortality in the first period is 

caused by embryos sticking to the shell membrane; by turning 

twice per day this cause of mortality is eliminated. It is 

doubtful whether turning more than 6x is of further benefit. 

6. No clear evidence was obtained on the reasons for 

mortality in the second period being reduced by frequent 

turning. It is suggested though, that the improvement of 

embryonic environment by the reduction of adhesions between 

embryo and. other egg components and between extra- embryonic 

Hmbranes is a possible reason. 
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7. The reduction in mortality of the third and last period 

of incubation was found to be associated with the reduction 

in incidence (post- hatch) of three types of unhatched 

embryos; (i) those manifestly normal, (ii) malposibioned and 

(iii) manifestly malformed. 

8. The reduction in the incidence of no abnormality" 

embryos is suggested as being an indication of improved 

physiological conditions within the egg brought about by 

frequent turning. 

9. The post - hatch incidence of Malpositions I, II, III and 

VI was reduced by frequent turning, II and VI responding to 

a greater degree that I and III. The result suggests that 

by judicious turning deflections of early embryonic 

orientation may be corrected. This refers particularly to 

Malposition II. Dion- retard.tion of embryonic development 

is suggested as being a reason for the reduction of the 

others. 

lß. A higher incidence of malformed embryos was found 

associated with zero or infrequent turning and very high 

rates of turning (above 48x). The lowest incidence appeare 

to be in eggs turned 43x. 

11. In general, turning is associated with the improvement 

of the embryonic physiological environment. Optimum turnin 

should, therefore, provide optimum conditions and maximum 

hatch. One exception to this general rule is Halposibion II 

(with possibly Malposition III as another) since this 

condition is thought to be associated with the physical act 

of embryonic orientation in the early period of incubation. 
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PART 2, 

PRE-HATCH EMBRYONIC ORIENTATION AND HATCHABILITY. 

Intr9duction. 

The normal positions of the chicken embryo before 

hatching have been studied to a large extent only in relation 

to the occurrence of malpositions and it was Sanctuary 

(1924-25) who first recognised the fact that in unhatched 

embryos a considerable proportion were to be found in 

positions dissimilar to the now accepted normal described by 

Landauer (1951) viz: - "Before hatching, the chicken embryos 

normally assume a characteristic position within the egg so 

that the long axis of the embryo coincides with the long 

axis of the egg and the beak is located underneath the right 

wing, with the tip of the beak directed towards the air 

space in the blunt end of the egg." That the majority of 

embryos occupy this position from the 19th y onwards and 

move into this position during the previous days was shown 

by Dove (1935) and Waters (1935) who in the process of 

determining the incidence and lethality of malpositions 

classified the positions of the embryos into normal and the 

six conventional malpositions. The method adopted in those 

investigations was one whereby a number of eggs were broken 

out, the positions of the embryos within examined and their 

frequency calculated. Further Dove (ibid) showed that the 

predominant position of the 15-16 day embryo was with the 

head and beak between the thighs and on or about in line with 

the median line of the embryo. In the majority of embryos 

at 17-18 days the head and beak had turned to right or left 
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across the breast and from 19 days onwards the beaks of the 

embryos were either under or over the right wing. Both 

workers by their investigations indicated that not all the 

conventional rialpositions were in fact impossible hatching 

positions and their work has been supported by Byerly and 

Olsen (1934, 1936a, 1936b and 1937), Munday (1953). 

Kuo (1932) in his study of the mechanical factors in 

the various stages leading to hatching, concluded that the 

embryo, in order to be properly situated for hatching, must 

pass through a number of critica1 stages, failure to pass 

any of which inevitably resulted in malpo:sition of one form 

or another and eventually death in the shell. One of these 

critical stages, the turning of the body of the embryo so as 

to lie lengthwise in the egg, was found to commence on the 

13th - 14th day taking 2-4 days to complete thus agreeing 

with Dove (ibid) on the time and positioning of the embryo. 

The methods adopted by workers in the past have pre- 

cluded the study of orientation in relation to eventual 

hatching ability and it was with this in mind that the prose 

study was unnertaken, for, it was discovered that the positi 
of tho embryo before hatching could be detected from the 18t' 

day onward by the use of X -rays and consequently it could be 

related to the hatching ability of the embryo. 

Before a causal relationship could be considered as 

existing between embryonic position and mortality a knowledge 

of the relative occurrence of positions taken by normal 

embryos was essential. Hence the investigation was resolved 

into two studies, the present one being the study of pre-hate 
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positions of eventually hatching,and therefore assumed 

normal,embryos and the second,the study of the abnormal 

positions which is reported in Section II Part 3 of this 

Thesis. 

Materials and Methosk. 

Previous methods of investigating the positions normally 

occupied by embryos some time before hatching and the 

orientation of embryos to the hatching position have involved 

the sacrifice of numbers of developing embryos and the 

calculation of various positional frequencies or the 

observation of embryonic movement through an orifice in the 

shell (Kuo 1932). Both methods have serious disadvantages. 

In the first a large number of embryos must be sacrificed 

in order to obtain accurate information and a similarly lar 

number of eggs must be run as a control in order to relate 

frequency of position to eventual hatchability. The second 

is dependent for its accuracy on the proof that the treatmen 

in no way affects embryonic development. The method as 

carried out by Kuo prevents the study of eventual hatchabili 

since he decapitated the broad end of the egg to observe 

embryonic development. The membrane separating the embryo 

from the air cell was made transparent by smearing it with 

vaseline. 

The method used in this study involved the X-raying of 

a number of developing embryos at the end of the 18th day of 

incubation and at 24 hour intervals thereafter to the 20th 

day. Initially 36 eggs ire set in the CONTROL incubator and 



TABLE 20 

Experimental Hatches and Treatments 

No. turns per day 

TREATED 
incubator 

COMM 
Incubator 

Trial 1 February 1959 1 hatch 

1 hatch 

96 x 

1:2 x 

Trial 2 May - June 1959 3 hatches 

3 hatches 

144 x 

24 x 

Trial 3 March - April 1959 4 hatches 

4 hatches 

192 x 

24 x 
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the TREATED incubator in which they were turned 24 and 192 

times per day respectivAy to the 18th day. On candling, 

29 eggs from the CONTROL incubator were left for X-ray and 

30 in the TREATED, out of which 24 from each eventually 

hatched. An analysis of the positional frequency of the 

embryos in these eggs as made by examining the X-ray pie 

The examination of the positional frequency of 20 day 

old embryos was also carried out by X-ray in three trials 

(see Table 20). In the preliminary trial equol numbers of 

eggs wore incubated in the two experimental incubators 

designated TREATED and CONTROL. The only difference in 

treatment was the rate of turning applied; in he TREATED 

incubator the eggs were turned 96 times per day and in the 

CONTROL once in two days. The eggs examined in the second 

and third trials were taken from the experimental hatches 

already described in Section II Part 1 in which those in the 

TREATED incubator were turned 144 and 192 times per day 

respective/7 as against 24 times per day of the CONTROL 

incubator, 

The X-ray unit used had a 65 Kilovolt peak and the 

exposure for each picture was 27 milli-amp-secs. The eggs 

were positioned. 24 inches below the X-ray tube thus giving 

for each exposure a radiation dosage of approximately 0.5 r 

(Roentgen). (For the method of calculating radiation 

dosage see - reference H.M.S.°. 1957). 

Etazksat4g2atud classification of e MT-Tonic osition. 

The technique adopted. was identical for both parts of 

this investigation except that in the first the same eggs 
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were X-rayed on three consecutive days compared with once in 

the second part. In order to fix the position of the embryo 

within the egg from an X-ray picture it was necessary to expose 

each egg; twice, sine it was impossible to determine from one 

picture whether the head was in fr o it or behind the body of the 

chick. After the fi at, the egg was rotated so that its sho t 

axis travelled through a 30o ongle and. then X -rayed a second 

time The direction in which the head and beak were pointing 

was accurately determined by examining the two picture in 

correct order on an illumine :led screen. 

The positions into which the embryos were classified ar 

listed below in descending order of movement towards the 

hatching position. X-ray photographs on pages 133 -142 

illustrate the positions. The second ehotogeanh of each 

pair depicts the position of the 90° clockwise rotated embry 

of the first photograph. Mince the relative posij ;ion of 

wing and beak is not always discernible this feature is 

omitted from the cla.ssificetion. 

I1BT: Head 'between thighs (the position of 14aleosition i): 

Head/beek line on or about the median L<.ne of the embry 

ia.tes4 LU (2). 

TTR: Turning to right: Head/beak line between the horizontal 

and perpendicular axes of the egg at the narrow end. 

' BAM: Bels at membrane: Heaeibeúk line at right angles to the 
long axis of the egg, 

Plates45(.)aLd.(2) 
BAS: Beak at shell or through rieur ;rand to air cell: IIead/ 

beak line between the :horizontal and perpendicular 

axes of the egg at the broad end. 

(2). 

P : Shell pipped: A stage in advance of the previous 
position. 



PLATE 42 S1) and (2) 

X-ray ohotomra.ohs 

MI: 
In the first photograph the head and bead, ara seen 

to be pointing towards the narrow end of the e99 array from 

the air cell (dark area clearly outlined at top of picture). 

The head/beak Line appears to be on or about the median 

line of the embryo which is confirmed by the second 

photograph. 
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P :iaES 4L ) and i2) 

X-ray photographs 

The embryo is seen to be crouching in the small end 

of the egg with the head and beak pointing downwards aw air 

from the air cell. There is a slant to the head/beak line 

which is confirmed to be, by theposition of the head in the 

second photograph, to the right. 
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PLATES 44 (1) and (2) 

X ra,y ltotogra:=:1hs 

This is the position normally aopted by embryos at 

19 -20 days with head and beak to the embryo's right across 

the breast. In the second photograph the head and beak, 

seen on the right side of the body above the right leg, 

confirms the direction of the beak in the first photograph. 

Because of the clockwise rotation (900) the beak must be 

pointing outwards from the page. 

The position of the beak in relation to the right wing 

is not discernible. 





PL TI1 S 45 (1) and (4 

X-ray photographs 

The poor quality of the upper picture is due to 

processing difficulties but the position of the embryo's 

head and beak (upper surface) is still clearly seen. The 

beak is pointing to the air cell region which shows up as 

a dark area on an X -ray plate. In the lower picture the 

head andbeak are on the far. side of the embryo's body, the 

cranium showing up as a large light area in the centre of 

the photograph and the beak in the air cell with the point 

in close proximity to the inner surface o.° the shell. The 

head and beak are pointing to the embryo's right. 
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PLATES 46 (1) and (2) 

X -ray photographs 

Pipped (P) 

A clear outline of the embryo's head and beak is seen 

in the first and upper picture. The head and beak are 

across the breast of the embryo and pointing to the upper 

portion of the egg, the broad end. At the point of the beak 

the outline of the shell is seen to be broken which on look- 

ing at the second picture shows up as dark crack lines on 

the shell. The embryo appears to be crouching in the small 

end of the egg as indicated by the arch of the spine (second 

picture) and thepositiori of the legs and feet lower than, 

and on either side of the head. 

In the upper picture the embryo appears to be lying 

on its back on the surface of the page with its head pointin 

to the viewer's left. In fact the head is pointing to the 

embryds right which is confirmed by the second photograph 

where the embryo has been rotated clockwise. 
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The eggs which were X -rayed on the 18th, 19th and 20th 

days wore eerked initially so that they could be X -rayed and 

replaced in the hatching trays in the same position on each 

day. The eggs X- rayed on the 20th thy only were marked in 

situ on their upper surface before being removed from the 

hatching trays which served a doubly purpose. rirítly, it 

was observed that when± eggs wore placed on their sides in the 

hatching trays they rollee until they came to rest with the 

heavier half (longtitudinally) underneath. This half of the 

egg contained the dorsal portion of the embryo and when the 

eggs were X -rayed (with the mark uppermost first) the 

positions of the embryos would be more or less standardised 

thus easing picture interpretation. Secondly, on returning 

the eggs to the hatching trays they emre replaced, by the 

aid of the mark, in their original positions so that possible 

re-orientation of the embryo before hatching would be elimiï a 

The eggs were placed on specially constructed trays for 

X-ray illustrated on Plate 47, each tray being capable of 

supporting 15 eggs with their long axes horizontal over an 

8 inch by 10 inch X -ray plate. They were constructed of 

throe pairs of strong metal strands, each pair sufficiently 

separated to give a clear picture of the embryo, and thus the 

eggs were supported at or near their extremities which in tur 

allowed easy rotation of the eggs for the second exposure. 

fhe width of the rows was varied slightly to accommodate 

large, medium and small eggs. 

In order to identify the eggs on the X -ray plates they 

ere marked with a serial letter relating to the plate and a 

number showing their position on the holding tray. An 

d. 



PLATE 47 

Tray constructed to hold 15 eggs over X-ray plate. 
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PLATE 

J illustrates initial X-ray photograph of 15 

eggs placed on the specially constructed holding tray. 

The eggs were numbered 1-15 starting at the top left-hand 

corner. The centre line number 6-10 from right to left 

and so on. 

Plate 49 over the page is the second X-ray photograph 

of these eggs. 



PLATE 49. 

Plate Jl is tha X -ray photograph of the same eggs which 

have been rotated clockwise through 900. .Eggs numbers 1 

and 8 contain tha embryos used to illustrate the TTR - head - 

turning-to- the - right position (Plate 4i) and P - pipped 

position (Plate 46) reepactively. Othar examples are as 

follows: - 

Egg No. 2 contains a BAS embryo. 

Egg Poo. 5 contains a 3AM embryo. 

Eggs Nos. 14 and 15 contain embryos approximately 12-13 days 

of age. 



-
 -
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TABLE 21 

The positional frequency of normal and eventually hatching embryos 

at the end of the 18th 1 t and 20th da s of incubation as determined b 

X -ray pictures. (Percenta e, to the nearest digLt. 

Incubator 
and 

Previcuzi 

Turning 

Age of Position 
Embryos 
DAYS H.B.T. T.T.R. B.A.' . B.A.S. Pipped 

- 
Hatched 

Treated 18 33 38 29 

192x 19 8 38 1+6 8 

20 17 54 25 4 

Control 18 33 4.2 25 

21+ x 19 4 38 46 13 

20 4 29 33 25 8 
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illustration of a full tray of X-rayed eggs is ehown on 

Plates 48-49. Unhatched eggs after the 23rd day were, 

therefore, identified by this numbering system and the hate 

eggs were identified by deduction. The positions of the 

embryos in the unhatched eggs were examined viaually. 

The positions of all the embryos were examined on the 

X-ray plates and classified according to whether they 

occupied one of the four normal positions just described, 

o Malpositions I, II or III (see pp. 166-9 for illustration 

of Malpositions II and III). A small number grouped under 

the heading "miscellaneous" consisted of embryos obviously 

dead pre-18 day, malformations and one or two whose positions 

were difficult to identify. 

Results and Discussion. 

The percentage frequency of positions occupied by 

eventually hatching embryos at the end of the 18th, 19th and 

20th days of incubation is tabulated opposite (Table 21) 

where it can be seen that the great majority of embryos at 

18 days are in the head between thighs position (the position 

of Malposition I) or with the head and beak turning to the 

embryo's right across the breast. There is virtually no 

difference in frequency at the 18th day between the two 

experimental groups and since there is no proof obtainable 

of a rate of turning effect on positioning (although there 

is an association as indicated later) the two groups of 

figures coul be averaged if desired. text it seems that 

about 25% of embryos at 19 days of age are in a position 

(BAM) with their heads turned to their right across the 

41,Z 



TABLE 22 

cgs failing to hatch: 18 - 20 day X -ray experiment 

Comparison between X -ray pictures (18 day) and post -hatch results. 

TREATED Incubator CONTROL Incubator 

X -ray Post -hatch X -ray Post -hatch 

H.B.T. 

B.A.M. 

T.T.R. 

- x 2 
- 

A/Re 

Clubbed down 

T.T.R. - 19 day 

16 day 

14 day 

B. A.14 

T.T.R. 

- 

- 

- 

P 

B.A.S. 

16 day 

14 day 

12 day 

W/RsI+ = Beak over right wing. 
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breast and their beaks lying just beneath the membrane 

separating the embryo from the air cell. Twenty -four hours 

later about 50% occupy that position with 10% in advance and 

40% in retard with one or two embryos still occupying the 

head between thighs position. Dove (1935) stated that the 

majority of embryos he examined had their heads across the 

Ì breast et 17 to 18 days and at 19 days their beaks were under 

the wings in readiness for the physical act of hatching. It 

would seem, therefore, that the positionsof the embryos 

examined in the latter investigation were about 24 hours in 

advance of those reported here. This may be accounted for 

by differences in technique of examination and incubation. 

During the 20th dy the X-rayed embryos appear to have 

accelerated their movement towards the hatching position and 

indeed at the end of that day one or two have hatched. The 

great majority of embryos are poised for hatching with their 

beaks at the inner surface of the shell in the air cell area 

having pierced the membrane some time before. This then is 

the accepted normal hatching position of the chick embryo 

except that no clear indication can be given with this 

technique as to the relative position of beak and right win;. 

Since one unhatched embryo w,s found with the beak above 

instead of below the right wing (see Table 22) it is probable 

that one or two occurred in this material but appear to have 

had little detrimental effect on the hatching rate. It is 

also interesting to note that by the end of the 20th day no 

mbryo occupies the head between thighs position. 



TABLE 23 

Analysis of Hatch: 18 - 20 day X-ry_experiment 

Incubator 
and 

Previous 
Turning 

No. 
set 

No. 

X -rayed 
No. emb. 

18 -21 day 
No. 
Hatched 

Hatch 
of 18 -21 

day 

No, hatched at 
end of days: - 

21 22 23 

TREATED 
192 x 36 30 27 21+ 88.8 15 24 24. 

CONTROL 
24 x 36 29 26 24 92.3 16 23 24. 
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The possible effects of the X -rey technique on embryo 

orientation is an important con eideration in the acceptance 

of these results and it involves two factors, namely, the 

effect of radiation and the effect of handling the eggs for 

X -ray. With regard to the former factor each embryo 

received daily a radiation dosage of l r and a total of 3 r 

(Roentgen) over the three days, a dose greatly below that 

(25 r) considered harmful by most authorities. Although no 

specific information pertaining to the effect of radiation 

on the 18-20 day chick embryo is available it is considered 

unlikely that so small a dosage is detrimental. Handling 

of the eggs for X -ray is more likely to have an effect but 

as great care was taken in this respect and since the hatch- 

ability (see Table 23) of the 13 -20 day embryos is about 

normal the affect is believed to be negligible. 

The final hatching results, the percentage hatch and 

rate of hatching, a re not much different in the two groups 

but it can be seen from Table 23 that the embryos in the 

CONTROL incubator which appeared to be in advance of the 

TREATED at 113th -20th day actually take a little longer to 

complete their hatching. 



TATE 24 

The Positional Freruenc of 20 da embryos Per cent of normal 

hatching embryos) 

Information abstracted from Table 1 Appendix III. 

No. of Previous : Total TTR BAM BAS P 
TRIAL Rate of 

Turning 
No. 

Embryos 
ti, iá ¡ `¡;; 

1 Hatch (T - 1:2 x 63 14 25 56 5 

I 
c - 96 x 83 23 30 25 22 

2 Mean of ( T - 11+4 x 210 1 13 45 41 

3 Hatches C - 24 x 217 1 9 1+2 48 

3 Mean of (T - 192 x 351 3 33 49 15 

1* Hatches C - 24 x 352 6 29 43 22 

.. - 



150. 

The X?"a3 ©i 2Ç c1ay e abrvos 

A detailed analysis of the positions occupied by 20 day 

embryos determined by X -ray in the second half of this study 

is given in Table 1 Appendix III. The Table excludes those 

embryos detected: in : Malpositions T, II or III and those 

classified under the miscellaneous heading. The positional 

frequency of the 20 day embryos eventually hatching and 

presumed normal is tabulated opposite (Table 24) and 

illustrated by histogram (Figure 10) over the page, the 

results relating to the pre -13 day turning treatment applied 

in these trials. 

In Trial (1), there the embryos X -rayed were turned 

once in two days in the CONTROL incubator compared with 96x 

in the TREATED incubator, it can be readily seen that the 

histograms representing the two groups do not correspond. 

The proportion o`' embryos in the pipped position (P) from 

the CONTROL incubator is approximately one quarter of that 

occurring in embryos from the TREATED incubator indicating 

a retardation in orientation and pipping associated with the 

lower rate of turning. However, embryos from the CONTROL 

occupy twice theproportion o!: position BAS compared with the 

Treated group and the combined proportions (P and BAS) favour 

the Control embryos (61; to 47iß) with regard to speed of 

orientation to the hatching position. Indeed overall, with 

the exception of the physical act of pipping, the embryos 

turned previously once in two days seem to be in a more 

advanced state of orientation than their counterparts. Such 
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a high proportion of embryos from the CONTROL incubator 

(eggs turned once in We guys) occupying the BAS positicn 

may be due to a higher incidence of embryos with their beaks 

above the right wing causing a temporary delay in pipping, 

for it is generally believed that such embryos have a less 

positive and guided attack on the shell than those with 

their beaks under the right wing. A higher incidence of 

beaks-above-the-right-wing (ìía1position VI) embryos occurs 

in unhatched eggs turned infrequently during incubation 

(Section II Part 1) which lends support to the foregoing 

theory. 

Two factors seem to indicate that speed of orientation 

is not an important consideration in the final hatching 

ability of the respective embryo groups: - 

(i) Previous work in this Thesis (Section II Part _i) 

has shown hatchability greater in egs turned 96x 

compared with once in two days. The hatchability 

of the eggs in the present study also testifies 

to this, viz. (ix = 62.5%; 96x = 82,9%) 

(ii) The individual positional hatching rates, as 

shown in Table 25 indicate that although a greater 

proportion of embryos turned 96x during incubation 

occupied retarded positions at the 20th day they, 

in fact, hatched better than their counterparts 

turned once in two days. 

The analyses of results in Trials (2) and (3) show small 

differences in speed of orientation between the treatment 

groups within each trial thus indicating further that speed 



TABL, 2 

The subsequent percentage hatchabillk of 20 day eLbryos fo.xnd in the 

various positions. 

Information abstracted from Table 1 Appendix III. 

No. of 
Trial 

Previous 
Rate of 
Turning 

Total 
No. ( 

Embryos 1 

TTR 

% 
}3Aä 

%> 

BAS 

% 
P 

1 1 hatch (C 1:2 x 63 74 81 97 100 

96 x 0 95 93 92 95 

Difference + 21 + 12 - 5 - 5 

2 Mean of (T 144 x 210 50 82 97 9) 

3 hatches C 24 x 217 33 83 96 94+ 

Difference + 17 * 1 +1 0 

3 Mean of (T 192 x 351 92 95 96 98 

3 hatches (C 24 x 352 78 93 97 98 

Difference + 14 + 2 - 1 0 
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of orientation is not an important factor in overall hatch- 

ability. There is, however, a definite difference in the 

rate of embryonic orientation between the Control groups of 

the two trials indicating factors at play other than turning. 

These could ba source of eggs and season. 

The hatching ability of embryos in retarded positions 

at 20 days appears to be superior in eggs turned 144x 

compared with 192x (see Table 25 ) and is associated with 

the higher rate of hatching of the former group. If the 

factors, source of eggs and season, could be eliminated the 

hatching ability of retarded embryos would then appear to 

reach a premium with the 96x turning treatment, falling away 

at the lower and higher rates of turning. 

Examination of the unhratched embryos yields information 

on their position and tima of death. detailed analysis 

is given in T ble 26 in which the unhatched embryo position 

is related to the position detected at 20 days by X -ray. 

The significant point to note in this matter is that most 

of the embryos which failed to hatch moved into a more 

advanced position after the 20th dray. Their failure to 

hatch is, however, reLted to their retarded position which 

presumably was caused by specific factors delaying growth 

and development. Since a large number had pipped the shell 

the main cause of death is likely to be the result of 

respiratory and' circulatory disorders during the early stages 

of hatching. 

It is interesting to note that quite a high proportion 

of all the 20 day embryos in positions P, BAS and BAM 



TABLE 26 ....,«....... 

Post-hatch ezribr o ositions related to 21 day L-2=_Lms3.tinr.s (%unbcsrm,, 

Trial 1 Trial 2 
------ 

Tria3. 3 

X-ray 
position 

. 

CONTROL 
1:2 x 

_ , 

TREATED 
96 x 

TREATED 
144. x 

CONTROL 
24 x 

..,.,,.....,........_....n.,. 
TREATED CONTROL 

192 x . 24 X 

P 

..., 

- 1 P. 

_... 

lc- P 
1 P.B/HìV 

5 P 
1 BAM 

1 g' 1 P 
1 iBAM 

BAS 

_ ,............-,. 

1$/n 1 P 
ry l I P. SLi 

2 P 
1 BAS 

......,.a.o,.e 
1 

BP 
¡ 
AS 1 1117 

2 B/Ri 

. 

2 
yP' j { ' CO ,/[líl 

3 4/RiP 

... ....- _ 

1 P 
1 BM 
3 A(UW 

BAU 3 141 
1 P$fR1v 
1 19 day 

1 P. BA S 2 BAS 
1 NRV 1Bin 

1 B in 
R foot 
2 18d. 

1 P. BAS 
^ )s344/RIi 

1BAS 

1 P. BAS ' ir.>F 
1WR% 

2 P./Rt 19d. 

1P. Wmt 
3A/n 
1AlRW 19d. 

1 B under R 
leg 

TTR 2 P. BAS 

1 P. Club 
down 

1 BAS 

1 18 day 

1 tladgset 

Neak.19d. 
1 BA: i 

1 B. under 
R.leg 

1 19 day 

1 18 day 

1 B. under 
Rleg 

1 Burst 
yolk 

1 BAS 1 PIBAS 

1 MS 

2 WRW 

2B.ti'1'1dRtr 

Rleg 

1. The classified X -ray embryo positions are used throughout, except B /RW which 
indicates the beak to be above the right wing. 

2. Additional observed conditions are also given, e.g. Clubbed Down. 
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are found eventually in the position of conventional 

Malposition VI, i.e. with the beak above instead of below 

1.6 the right wing. The respective proportions are = 12.54 

12= 47.6% and 2 ..li..8 %. This result tends to indicate 

the relative inability of embryos in this position to carry 

out the physical act of pipping and eventually hatching. 

Conclusion. 

1. On the 18th day of incubi .tion the majority of embryos 

eventually hatching, and therefore presumed normal, are in 

a position from which they are unlikely to hatch without 

further orientation. The position is one where the head 

and beak are between the thighs of the embryo pointing to 

the small end of the egg (associated with conventional 

Malposition ?) or with the head and beak turning to the 

embryols right, away from the median line. 

2. On the day before hatching (20th day) the majority of 

embryos occupy the commonly accepted position for hatching 

having orientated to it in a matter of 24-36 hours from the 

head between thighs position. 

3. The normal process, before pipping or hatching takes 

place, is for the embryo to turn its head andbeak from the 

head between thighs position, to its right across the breast 

and from there to pierce the membrane separating the embryo 

from the air cell. With the beak in the air cell region of 

the egg and in close promimity to the shell, pipping is 

therefore effected. 

4. The speed of orientl:tion of the embryo at this stage of 
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incubation does not appear to be an important factor in 

influencing the overall hatchability rate, yet, a reason 

for a few embryos failing to hAch can be related to the 

retarded positions they occupy at the end of the 20th day 

of incubation. Further investigation is necessary to 

clarify this problem and would appear to be worth undertaking 

5. There appears to be an association between the rate of 

turning of eggs prior to the 18th day of incubation (linked 

with hatchability) and the positional frequency of embryos 

at the end of the 20th day. ?i : increased rate of turning 

up to 96 times per day seems to retard the positions of the 

embryos at 20 days but tends to improve the hatching ability 

of the embryos in the most retarded positions. 
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PART 3. 

THE HATCHABILITY OF CONVENTIONAL MALPOSI TIONS I II & I 

Introduction 

The information obtained in Section II Part 1 of this 

Thesis regarding the effect of turning on the incidence of 

Impositions I, II and III in unhatched embryos prompted 

investigation into the question whether embryos arriving in 

any of these malpositions towards the end of incubation were 

capable of hatching or not. A successful attempt was made 

using X-rays to discern these embryonic Malpositions in eggs 

incubated for 20 days. Then on allowing these eggs to 

continue incubation their hatchability was discovered. 

As indicated in Section II Part 1 the hatchability of 

the conventional malpositions has been in doubt since their 

conception, circa 1930, and a few investigators have tried 

to clarify the problem. The general trend of thought has 

been one of gradual change from the belief of the early 

workers that embryos died or failed to hatch if they were in 

ny of the classical malpositions to the conception that in 

some cases unhatched embryos were found in the malpositions 

wing to the fact that they had died, prior to full term, in 

hat position. In other words some of the malpositions were 

e to the result of retarded development caused by means 

hich have not been fully investigated or explained. 

This belief necessarily presupposes (the now established 

act) that embryos move into the hatching position from the 

8th day of incubation onwards as indicated by Dove (1935) and 

11 

emonstrated conclusively by Waters (1935) and Monday (1953) 
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and in this Thesis, Section II Part 2. The opportunity to 

substantiate this was taken in the course of the present 

study since it was also necessary to provide evidence on the 

hatchability of Malposition I. 

M1ALPOSITION I. (Head between thighs) 

Waters (ibid) has shown that on the 18th day none of 

the embryos examined was in the normal position for hatching 

and that in fact the majority were in the conventional positi n 

of Malposition I, head between the thighs or legs, the beak 

being on the median line. By the 20th day 50% of the embry 

were in the normal position for hatching and only 5.3% in 

Malposition I, the remainder occupying other malpositions. 

Of the control group of eggs which were allowed to continue 

through to hatching only 1.8% contained embryos in Halpositio 

Y on ;post- -hatch examination. Byerly and Olsen (1936a) using 

a similar technique found 12.1% in Malposition I on the 19th 

day and 1.3% post hatch. This evidence leads to the con - 

elusion that if embryos failing to hatch are found in 

iposition I they died before complete orientation or were 

able to hatch by the day of examination due to delayed 

evelopment. This is not evidence that an embryo with its 

ad between its thighs is capable or incapable of hatching 

rom that position. However, Byerly and Olsen (ibid) by 

xamining the frequency of pipping among embryos which died 

etwoen the 18th day and hatching found that of 1,168 embryos 

to Malposition I only 7 or 0.6% had pipped, thus providing 

3idence that an embryo in Malposition I can pip the shell 

and perhaps on occasion hatch from this position). Asmundsori 
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(1938) confirmed this fact with 2 out of 69 or 2.9% of 

embryos in Malposition I having pipped the shell. It is, 

therefore, important in the study of Malposition I to confir 

that is suggested by the work described in Part 2 that it is 

a transitional position. 

MALPQ TTION I7[ (Head in the small end of the egg) 

Malposition II is recognised by most authorities as 

being a truly abnormal hatching position in that it is 

unlikely (as compared with Malposition I) to be a transitiona 

stage in orientation to the nornn1. In fact, examination 

by Munda :r (ibid) of positions of developing embryos prior to 

hatching show the incidenceof Mal.positior.. II on the 18th, 19th 

and 20th day to be approximately the same. Further as 

stated. by Landauer (1951) "There is little doubt that in 

certain cases, such as the majority of cases of Malposition 

II, the embryonic position itself is a true barrier to 

hatching." 

That Malposition II is not completely lethal was first 

shown by Byerly and Olsen (1931,33) who examined the shells 

f hatched chicks and were thus able to determine whether the 

hicks had hatched from the small or large ends of the eggs. 

n combining the information obtained then with that from a 

ater study (Byerly and Olsen (1930) the final figures show 

hat of 2,130 eggs containing chicks in Malposition II, 989 

r 46.14% were able to hatch, as compared with 86.2% of chick 

which hatched from the large end among the sane lot of eggs. 

bjective evidence on the hatchability of Malpositions II may 

lso be obtained by carrying out a comparative analysis test 



158. 

in which large numbers of eggs are broken out on the 13th or 

20th day of incubation and comparing the positions of the 

contained embryos with 18 -21 day dead from control lots which 

are permitted to hatch. Byerly and Olsen (1936a) by this 

method found the incidence of Ike 1position II at 19th üey of 

ïncubAion to be 2.0% as compared with 1.3% among the dead 

of the control lot thus indicating the inability of embryos 

in this position to escape, from the shell. The number of 

eggs sacrificed was 702, 712 being permitted to hatch. 

Munday (1953) after carrying out a similar type of exa.min lti 

concluded that there was no evidence of any chick with its 

head in the small end being able to hatch and th .t the _oositi 

was probably lethal. 

MALPOSITION III (Head to left) 

A study of the position of dead embryos in pipped and 

unnipped eggs suggests that pipping, and probably hatching, 

is almost impossible from Malposition III. Asmundson (ibid) 

shows that 2 out of 107 or 1.9% embryos in this position 

hich had failed to hatch, actually pipped. Byerly and Olse 

(1936a) showed only 1.1% (37 out of 3,240) . 

That Malposition III is a transitional stage in 

orientation after the 18th day of incubation is not convincin 

!suggested by the work of Waters (1935). On the other land 

Munday :1953) found the incidence of Malposition III on the 

8th, 19th and 20th day to be the same. The author has 

bserved many unhatched embryos in Malposition III which have 

en so well developed and large that it would be impossible 

or them to have changed position after the 20th day of 
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incubation. It is considered very likely, therefore, that 

Malposition III is a truly abnormal position for hatching. 

The purpose of this present study is to present further 

evidence of the hatching power of Malposition II and III and 

on the fact that Malposition I is a transitional stage in 

orientation of the embryo an should not be considered as a 

malposition. 

Materials and Methods 

Since the information presented in this study is obtainer 

from the same material and by the same method as adopted for 

the study of embryonic orientation Section II Part 2, the 

reader is requested to turn to p.age135 for guidance on this 

subject. Additional remarks pertaining to this Section 

follow. 

The basic difficulty in detecting embryonic malposition 

is the opacity of the egg shell to the naked eye and the 

blocking of light rays by the' embryo. This has led workers 

in the past to adopt methods of detection which were indirect 

and quantitative rather than direct and qualitative. The 

oliowing with brief criticisms, have been the methods 

doptad. 

(i) Çooparative analysis in which, before the end of incubr.ti 

number of eggs are broken out and the position of the embry 

-,xa.mined_. A similar number of eggs is alloyed to continue 

o full term, and the unhatched are examined for malpositions 

he difference between the respective counts is taken to 

epresent the actual hatching ability and the degree of 

tchabili.ty of the malpositioned embryos. This method 

n, 

s 
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neglects the case for Malposition I which may be transitional 

and also unless large numbers are used will not yield 

accurate results on hatchability. 

(ii) Examination o.f;oipsed shells post-hatch. Eggs failing 

to hatch and containing embryos in malpositions are classifiWd 

as to whether there have been signs of pipping or not. It 

is then argued that if some embryos pip the shell, some 

probably escape the shell. This method is indirect and 

must be supported. by other objective observations to be of 

any significance. 

(iii) Examination of hatched eggs. This method is suitable 

only for the study of Malposition II as the end of the egg 

from which the embryo escaped can fairly easily be determined. 

It cannot give an accurate result since many eggs on hatching 

are pulverised beyond recognition by the chick. It is 

possible also that embryos in Malposition I may escape from 

the small end of the egg thus upsetting the accuracy of the 

ethod but since very few do hatch from this position the 

eviction can b:: neglected. 

(iv) The stu 4& thróuzh either an artificial window or ip 

n orifice in the shell, of 1pósitioned mbr;ros hatching. 

oth these methods are dependent for their accuracy on the 

roef that the treatment of the eggs is not detrimental to or 

ffects in any way the hatching ability of the embryo. As 

far as can be determined neither of these methods has been 

used for the purpose under study. 

The advantage of the method adopted in the present work 

is its directness since the hatchability of the individual 
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embryo observed to be in a malposition can be determined and 

also the degree of hatchability can be accurately obtained 

with i relatively small numbers. 

An analysis of all the X -ray pictures obtained was 

undertaken to observe the embryos which occupied the 

Malpositions under study at the end of the 20th day of 

incubation. This analysis was related to those embryos 

which having been returned to the incubator succeeded or 

failed to hatch up to the 23rd day. The number of trials 

carried out was three (see Table 20 p. 136) in which the eggs 

X -rayed were subjected, previous to the 18th day of incubation 

to various rates of turning since it was decided to discover 

the effect of rate of turning on the hatchability of the 

malpositions contemporaneously with their hatching ability 

per ; ;e. 

In the three trials, eggs were taken for X -ray from 

incubators in which the only environmental difference was they 

rate of turning. The extreme rates chosen for the first 

trial were determined by the suggestion made in Part 1 Section 

II that the incidence of malpositions in unhatched eggs was 

h in eggs turned a few timas per day compared with 96x. 

It was deemed inadvisable to select a rate so low as to 

revent the majority of eggs from hatching. The eggs X-- ray.^ed 

nd examined in the other two trials constituted a major 

roportion of the total number subjected to the turning 

reatments shown and were the same eggs as used in the 

xperiments of Section II Part 2. For information on 

experimental material and methods see pages 95 -9'7. 
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Results and Discussion 

Descri;?tion of Mal positions 

It became obvious as work progressed that Malposition 

II had three manifestations and that they ought to be examine 

separately since their incidence and hatchability were 

different. The three manifestations are described below 

along with, the other mal>>ositions examined. 

Malposition I : Head between thighs with beak on or about 
the median line of the embryo. 

Malposition II : Head in the small end of the egg with the 
head and beak:- - 

(a) to the Right 
(b) to the Left 
(c) between the thighs and pointing towards 

the air cell. 

Malposition III: Head to the Let. 

Dhotggaohic illustration of M aloositisng 

The photographs of X-ray plates showing the positions 

of embryos in the zalpositions described above can be seen on 

the following pages. A position normal for a 19 -20 day old 

embryo is depicted for comparison. The second photograph 

of each pair depicts the position of the 90° clockwise rotate 

embryo of the first photograph. It is interesting to note 

from the pictures the impossibility of determining accurate 

the position of the wing in relation to the head. Hence 

this technique cannot be used for examining the conventional 

Malposition VI, head over the right wing. 

Resulta:_ HatchabiliIy. 

The number of embryos in the malpositions under study 

as detected at the end of the 20th day of incubation and 

their subsequent overall hatchability is detailed in Table 274 
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PLATES 50 (1) and (2) 

X -ray photographs 

BAM (Normal for comparison) 

This is the position normally adopted by embryos at 

19 -20 days with head and beak to the embryos right across 

the breast. In the second photograph the head and beak, 

seen on the right sido of the body above the right leg, 

confirms the direction of the beak in the first photograph. 

Because o.q* the clockwise rotation (900) the beak must be 

pointing outwards fr)m the page. 
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PLATES 51 (1) and (2) 

Malposition I : HBT 

The head and beak are seen to be pointing towards the 

nerrow end of the egg away from the air cell (dark area 

clearly outlined at top of picture). The head/beak line 

appears to be on or about the median line of the embryo 

which is confirmed by the second photograph. 





Malposition II a 
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PLATES z2 (1) and (2) 

X-r. a'I photographs 

s Head in Small End: Head to right. 

The embryo, in comparison to the normal, is upside 

down in the egg with the feet in the air cell region and the 

head away from the air cell in the small end of the egg. 

The head is to the embryo's right (confirmed by second 

photograph) and the beak has pierced the shell as indicated 

by the dark area at the point of the beak. 
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PLATES 53 (1) and (2) 

Azuy photographs 

Malposition II bs Head in Small End: Head to left. 

The photograph is dull due to processing faults. The 

embryo is large with the that 

legs are in close proximity to the air coll. The head 

appears to be between the thighs in the first picture but 

is turning to the left as indicated by the second photograph 

where the head and beak are on the embryo's left side 

pointing outwards from the page. 



i ..A
41, 
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PLATES 54. (1) and (2) 

X-ray photsgraphs 

Malposition II c: Head in Small End: Head: between thighs 

and pointing to Air Celai. 

On looking at the lour photograph the head in the 

small end pointing to the air cell can be clearly seen. 

The upper and first photograph is spoiled by artefacts 

(line down right hand side) but on close inspection the 

outline of the upper surface of the head and beak can be 

seen on the near side of the body. 
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PLATES 55 (1) and (21 

X -ra r photoara2hs 

Malposition III: Head to left. 

In the first photograph the legs are seen to be in the 

small end of the egg. The body i.e orientated normally 

with head in the broad end. In the lower picture the head 

and beak are seen to be pointing to the left of the viewer, 

and away from the air cell region. By rotating the embryo 

anti -clockwise (90°) the position shown in the first 

photograph is adopted by the embryo, with the beak pointing 

into the page. 





TABLE 28 

Post -hatch embryo positions related to 20 day X -ray positions (Numbers) 

X -ray position Post -hatch embryo position 

Malposition 
Trial 1 Trial 2 Trial 3 

TREATED 
96x 

CONTROL 

1 :2x 
TREATED 
144x 

CONTROL 

I 

24x 
TREATED 
192x 

CONTROL 
24.x 

I HBT 1 P.$/RW 2 P.BAS 
1 P.B /RW 
1 B/RW 
1 HTL 19d, 

1 18 day 1 18 day 

I 

1 18 day 2 18 day 

1 B. under 
L.leg 20 d. 

II HSE 
(a) - - 2 P. 1 

1 Club 
down 

t 

5 
1 B. under 
R. leg 

1 P 
1 19 day 

(b) - 1 18 day - - - 1 B. under 
L. leg 

(o) - 1 19 day 
1 18 day 

- 1 19 day 
1 B. to 
right 

1 1 Club down 
1 B. under 
L. wing(b) 

1 B.under R. 
leg 18 d. 

III HCL - - 2 B.under 
wing 
1 18 day 

2 B.unde 
wing 

2 B.under 
L. leg 

3 B.under wing 
1 B. above win 
1 B.under L 
leg 

1. The classified X -ray embryo positions are used throughout, except 
B/RW which indicates the beak to be above the right wing. 

2. Additional observed conditions are also given, e.g. Clubbed down. 
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This latter figure is obtained by dividing the total number 

of malpositions of each category found in the three trials 

observed by X-ray picture by the -umber which eventually 

hatched. 'T'h: data from the three trials is considered 

together since no concrete evidence is available, although 

a suggestion is given later, to show that turning previous 

to the 13th day stage affects the hatchability of these 

malpositions and, therefore, bias the calculations. 

MALPOSITION I. 

The evidence obtained from the series of X -ray pictures 

taken of a number of embryos on successive days from the 13th 

day of incubation, as described in Section II Part 2 proves 

conclusively that the head bet'ie n thighs is a transitional 

position. The results of the latter investigation are 

tabulated opposite page 147 and show a large proportion of 

18 day embryos to be in the head between thighs position or 

with the head turning to the right. At the end of the 20th 

day none of the embryos is in the head between thighs position 

of Kalposition. I. 

The relatively high hatchability rate (55 --56 %) obtained 

here supports this view and is further substantiated by the 

fact that none of the embryos in this position, either at 20 

days or post - hatch, had pipped thus indicating the inability 

of embryos in this position to hatch. It is interesting 

and significant to note also (see Table 28) that some of the 

embryos detected in this position and remaining unhatched had 

altered their position on post -hatch examination, which would 

indicate that this position is probably due to retarded 

development of the embryo. 
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M.ALPOSITION II 

From the results obtained it is obvious that the three 

categories or manifestations of this rte.:? position are not 

completely lethal, have a differing degree of hatchability 

(although the number involved are rather smaller in (b) and 

(c) as compared with (a)) and should perhaps be considered 

separate entities. The combined hatchability of the three, 

55.1%, is higher than the 46.14% obtained by i3yerly and Olsen 

(1936a), which may be accounted for by the increased accura 

of the X -ray technique. None of the previous investigators 

subdivided Malposition II as is done here and it may be 

postulates; that position (e) is a transitional stage to (a), 

analagous to the normal but in the small end of the egg. 

None of the embryos in (c) was observed to pip the shell at 

the time of X -ray or post-hatch which would tend to support 

the postulation. However, one hatched but its mode of 

hatching was not observed, therefore, no definite evidence is 

ayailabie to prove the postulation. 

Since the incidence of position (b) in this study is ado 

small it would be inappropriate to argue whether the embryos 

ail to escape due to their heads being to the left or 

rima_°ily to the head in the small end away- from -the -air -cell 

osition. The fact that they can hatch from this position 

is thought likely since the one embryo which hatched (depicted 

Plate 53) appeared to be large and well developed at 20 days 

4:11 

d probably made its escape directly through the shell with - 

ut altering its position. 

Position (a) is commonly regarded as being the true 

position of Malposition II and its degree of hatchability, as 
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shown by this work, is relatively high bearing in mind that 

the average hatchability of live 18.21 day embryos is 

approximately 85 -90%. The fact that none of the embryos in 

this category, examined post -hatch (Table 28), were found in 

positions approaching normal adds support to the belief that 

Malposition II is in fact an aberrant embryonic position. 

That embryos can actually hatch directly through the shell 

from this position is clearly demonstrated by the pipping of 

the shells away from the air cell region. The X -ray photo- 

graph of position II (a) illustrated this point and, further, 

10 out of the 37 observed in this category had piped the 

shells at the time of X-ray. It appears, therefore, that fo 

an embryo to escape the shell the assumed normal route, through 

the air cell then through to the shell is not obligatory for 

success which raises an interesting speculation on the mode 

of change from embryonic to eulmonary respiration. It seems 

possible that only those which can carry through the process 

quickly or have a sufficient reserve of ton -oxidative energy 

aro likely to hatch. 

LPOSITION III 

It seems from the result obtained that embryos with thei 

eats to the left instead of to the right have a poor chance 

of hatching, the percentage success being 20% of those embryo 

occupying this position at the end of the 20th day. Of -lie 

embryos failing to hatch none had managed to pip the shell 

all were older than 18 days implying that this is probably 

true malposition and not a transitional stage in the movement 

f the head. A fuller analysis of the embryos with their 
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heads to the left is given below and shows the positions are 

analagous to the normal, suggesting a transition from the 

head between thighs position of the 18th day. 

Detailed analysis post -hatch of embryos in 
Malosition III 

Turning to left: Beak above left wing :Bear below left wing 
4 1 7 

Total 
12 

An X -ray picture cannot differentiate in all cases 

whether the beak is above or below the wing but since a very 

small proportion occupy the above wing position, as shown, 

it is thought likely that the three hatched embryos were in 

the beak below position. From this it would appear that 

embryos occupying this malpositien are mirror images of 

normal embryyos and their reduced hatchability is primarily 

due to their heads being to the left and away from the air 

cell as illustrated. very clearly in the X -ray photograph of 

this Malposition (Plate 55), It would seem likely that the 

chance of hatching for embryos occupying this position would 

approximate that of A 1position II (a) where the embryos 

similarly pip through the shell without the beak first enter- 

ing the air cell. However, the percentage hatchability of 

embryos in M 1position III is less than three times smaller 

than for MMalposition II (a) and therefore le .ds to the 

conclusion that a complexity of factors, not clearly discerni 

is responsible for the high mortality of embryos with their 

eads to the left. One point is clear, that the position is 

of completely lethal. 

le, 



TABLE 29 

Relative Incidence of Malpositions (Percentage of eep which hatched ) 

Trial 
Number 

Previous 
Rate of 
Turning 

No. eggs X-rayed MAIPOSITION 
and 

Hatched I II (combined) 
®------ 

III 

1 

2 

3 

1:2x 

96 x 

Difference 

144 x 

24 x 

63 

83 

16.9 

6.o 

7.9 

1.2 

- 

1.2 

10.9 - 6.7 + 1.2 

210 

217 

0.5 

0.5 

5.2 

3.3 

1.9 

1.0 

Difference 

192 x 

24 x 

Difference 

- + 1.9 + 0.9 

351 

352 

0.6 

2.2 

4.6 

2.5 

0.6 

1.7 

- 1.6 + 2.1 - 1.1 

. 
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The effect of turning on the pre -hatch incidence of 
ma.lpositioned ember s. 

The demonstration of the hatching ability oflpositio 

I, II and III in the foregoing passages is proof of an in- 

creased frequency of their occurrence in pre -hatch embryos. 

It is postulated that their relative incidence may be affect 

ed by the rate of turning applied previous to 18th day of 

incubation. 

In Table 29 showing the relative incidence of the 

malpositions, the number of eggs hatched (for want of a true 

basis for comparison) is the basis of the percentage calcula : on. 

Since it is likely that the primary reason for embryos of 

Malposition II failing to hatch is head in the small end, 

positions (a), (b) and (c) are combined. 

The number of embryos in malpositions on the 20th day of 

incubation is obtained from Table 27. Conclusive evidence 

on the effect of turning on the relative incidence of 

malpositions is not fully justified with such small numbers, 

but there appears to be an association. 

The only difference in treatment between the hatches of 

each trial is tho rate of turning, pre - 18 day stage. The 

differences in treatment between trials consist of time and 

source of eggs and whether it can be argued that these do not 

have an effect on the incidence of malpositions is not proven 

here. Nevertheless, a within trial comparison is permissibl= 

and, to overcome the between trials variation, differences 

for comparison are given. 
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The incidence of Malposition I is shown to be higher 

in eggs turned only once in two days as compared with 96x 

and as the rate of turning increases the decline in incideno 

continues. Since the malposition is now known to be the 

result of retarded development the changes in incioenc:e foun 

would tend to confirm the theory of Part 1 that higher rates 

of turning improve the physiological environnent of the 

embryo while the low rates, by causing adhesions and disturb 

in; allantoic and amniotic fluid properties and contents 

(flandles die Roranoff 1949, 1950), worsen it. 

Th3 incidence of Malposition II is also higher at the 

lowest rate of turning investigated here in comparison to 

96x but beyond this point the incidence again increases, a 

trend very similar to that shown in Part 1 of the post-hatch 

incidence of this category in relation to turning frequency. 

Tho trend in incidence of Malposition III, namely none 

at 1 :2x, higher. at 96x and reducing thereafter, is the 

reverse of the post-hatch incidence of this position found 

in Part 1. The zero incidence at 1:2 point may, of course, 

be due to chance, 



TABLE 30 

The percentage hatchability of Malpositions I, II (combined) and III 

in relation to previous turning rate.. 

Trial Number 
Previous 
Rate of 
Turning 

MALPOSITION 

I II (combined) III 

1 1:2 x ó: 5 2: 4C_< m - 

96 x r 5 80 100; ; : 100¡J 

2 144 x - - : 8v, 
11 

: 25% 

24 x 4M, 110 3/ 0 
: 

Difference - - + 39; 

144 - 24 

3 
192 x j:501 

1 : 56/ 2 : 

_ 

24 x 8 61; 17 9 :33iß : i 

Difference 
192 - 21+ 

- 12% + 23? - - 
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on the hatci bilit of Malpositions. 

It is postulated that the rate of turning previous to 

the 13th day of incubation may have an effect on the hatchi 

ability of embryos in malpositions. The mechanism by which 

this is accomplished is not clear and requires further 

investigation, but the association remains as indicated by 

the percentage hatch abilities tabulated opposite (Table 30). 

íMalposition II, as before, is reclassified into one combined 

category. It must be stated at the outset (shat, since the 

numbers involved are so small conclusive evidence arising 

from them (especin71_y with regard to Malposition III) is not 

fully justified. The sane conditions apply for the com- 

parison of figures within and between trials as stated 

previously. 

"he difference of 30% in hatchability of embryos in 

Malposition I on the 20th day of incubation in favour of 96x 

as against 1:2x is a valid comparison but the positive 

correlation is not carried through to Trial 3 where improved 

hatchability appears to favour 24x compared with 192x. It 

may be, however, that in between the extreme rates, there is 

an optimum level of turning. 

The decrease in hatchability of embryos in Malposition 

II between the 144 rate of turning and 196 appears to be a 

valid result and therefore the increasing incidence of 

Malposition II in embryos examined post hatch associated wit: 

very high rates of turning (Section II Part 1 Figure .3) may 

be due not only to the increased incidence at 20 days (as 

suggested previously) but also to their reduced hatchability 
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Conclusion 

1. Malposition It 

(i) The proved fact (in Part 2) that the head between 

thighs position is a transitional stage in the orientation 

of the normal chick embryo is further substantiated here by 

the high hatchability (55 %) of embryos detected in this 

position at the end of the 20th day of incubation by X -rey. 

In other words this ;position should not be regarded as a. 

malpoeition nor should it be argued that, if embryos are 

found in this position post -hatch they failed to hatch 

because of their position. Instead, their being in such a 

position should be regarded as a result of retarded developme 

(ii) The incidence and hatchability of 20 day embryos 

in this position appears to be affected. by the rate of turnare 

prior to the lath day of incubation. 

Their incidence appears to be lower at the high rates 

of turning (96 and above) and their hatchability encouraged 

. _turning 96x. Both factors tend to confirm that turning 

proves the physiological environment of the embryo as 

suggested. in Part 1. 

2. Malposition II_ 

(i) Of the three malpositions studied, Malposition II 

(embryos with their heads in the small end) appears to be the 

most common in eggs incubated for 20 days. Three head and 

ak positions were found in these embryos namely (a) head 

right, (b) head to left, (c) head between thighs with the 

ak pointing to the air cell at the broad end of the egg. 

These positions seem to correspond to the positions of embryos 
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with their heads in the large end and in the normal position, 

Malposition III, and head between thighs position (UBT), 

respectively. 

The overall hatchability of embryos in Mal position II 

is relatively high, approximately 55%, and although it is a 

true malposition, is certainly not a lethal position since it 

has been observed and demonstrated that embryos hatch from 

this position. Consequently it ehould be regarded as 

an aberrant position with a reduced chalce of hatching. 

(ii) The incidence of 20 day embryos in this position 

in eggs turned.. once in two days during incubation to the 18th 

day is appreciably higher than in the eggs turned frequently, 

which provides further evidence on the "deflectiont° theory of 

Part 1 that turning corrects deflections of early embryo is 

orientation. 

The hatchability of the embryos appears to be low at bot 

low and high rates of turning and must be in part responsible 

for the higher incidences of Malposition II found post -hatch 

in the experiments of Part 1.. 

3. Ma.l,lposition III 

(i) i_ibryos with their heads to the left instead of 

sight can escape from the shell although the chances of hatch 

ng are greatly reduced. The hatchability of X20 day embryos 

n this material was only 20 %. The reason for the reduced 

atchability appears to be in part due to the fact that some 

- mbIyos in this position are facing away from the air cell, 

t since embryos can hatch without first entering the air ce 1, 

lather factors associated with the turn of the neck and head 
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are probably partly responsible. 

(ii) Since the numbers of embryos detected in this 

position is very small no concrete evidence on the effect 

of rate of turning prior to the lath clay of incubation on 

their incidence and hatchability is put forward. Further 

work is necessary to prove any effect. 
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GENERAL SUMMARY OF CONCLUSIONS 

The following are the main conclusions of this work. 

SECTION I 

1. Optimum humidity for heavy eggs (approximate average 

60 ó its.) is considered to be between 50 and 60% R.H. with 

a tendency for 50 -55% R.H. to produce maximum hatchability. 

2. It is probable that various sizes of eggs require 

different levels of humidity. 

3. The loss in egg weight during incubation is directly 

correlated with hatchability between the 40% and 70% levels 

of humidity. 

4. Embryonic growth, as measured by the hatched liveweight 

of day -old chicks, is not influenced by humidity levels 

between 40% and 70% R.H. 

5. High humidity (75-80% R.H,) raises embryonic mortality 

at the beginning and end of incubation, while low humidity 

(40% R.H.) reduces mortality towards the end. 

6. With incubator humidity as low as 40% the raising of 

humidity towards hatching time is unnecessary. 

7. While the post-hatch incidence of 4alpositions II, III 

and VI is not greatly affected by the humidity levels studied 

(range 40-80% R.H.), that of Malposition I increases with 

high humidity. 

SECTION II 

rt 1 

1. Turning is essential to obtain a reasonable level of 

tchability. 

The optimum rate of turning (tilting) is 96 turns s per 
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24 hours, carried out to the 18th day of incubation. 

3. Turrzing 24 times per day in the first week only is 

perhaps as effective as turning similarly to the 18th day 

of incubation. 

4. Frequent turning reduces mortality at all stages of the 

incubation period. The greatest reduction is found in the 

last period of incubation. 

5. The post-hatch incidence' of :r .lpositions I, II, III and 

VI is lowered by high frequency turning. 

6. Improvement in hatchability brought about by turning 

frequently is considered to be associated with improvement 

in the embryos physiological environment. 

I 
1. The normal position of 18 day old embryos is with the 

head between the thighs (the position of conventional 

ialposition 1) or turning to the right away from the median 

ine. 

. On the 20th day of incubation the majority of eamzbryos 

ccupy the commonly accepted position for hatching, i.e. 

th the head turned to their right across the breast. 

c. Hatchability does not appear to be greatly affected by 

he speed of orientation of the embryo at this stage (l5 -20 

) of incubation.. 

4. The positional frequency of 20 day old embryos seems to 

be influenced by the previous rate of turning of the eggs. 
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1. The conventional Malpositioris I, II and III of chicken 

embryos are not completely lethal. 

2. ifia,,l, nsition I - head between thighs. 

Embryos detected in this position on the 20th day of 

incubation have a hatchability rate of 55% which substantiate 

claim (Part 2) that this position should be regarded as 

a transitional stage of normal embryonic orientation towards 

the hatching position. 

3. Malposition I_- head in the small end of egg. 

The overall hatchability of 20 day embryos detected in 

this position is 55%. hatchability of the three manifest- 

ations of this position, namely head to (a) right (b) left 

and (c) between thighs differs considerably. 

4. daiposition III - head under the left wing. 

Relatively low hatchability - only 20 is chaxacterist e 

of embryos adoptii g this position at the 20th day of incubati4sn. 

5. Both the pre-hatch incidence of ¡4al positions I and II and 

their hatchability appear to be influenced by the frequency 

of turning. Insufficient data prevent the same conclusions 

being drawn for Malposition III. 
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TABLE 1 

Detailed information on Experiments conducted to ascertain 

Hatch 
Date Relative 

Humid- 
ity 

No. 

Eggs 
Set 

No. 

Fertile 
Eggs 

Fer- 
t1 lity 

Noe 

Eggs 
Hatched 

No. Fer- 
tile 
Eggs un- 
hatched 

Hatcha- 
bility 

% 

29.10. 56 40 2214. 19L. 36,6 168 26 86.6 
n 65 224 182 81.3 152 30 83.5 

9.3.59 50 279 202 72.4 162 40 80.2 
" 65 278 199 71.6 151 48 75.9 

3. 7.56 75 169 124 73.4 100 24 80.6 
" 65 168 125 74.4 104 21 83.2 

31. 7.56 B0 214 150 70.1 116 34. 77.3 
,, 6 212 160 75. 5 140 20 87. 5 

26.11.56 40 52 42 80.8 39 3 92.8 

" 40/70 53 4.3 81.1 40 3 90.7 

L12,5;')6 1+0 . 

4k)/(u 

54 
52 

44 

43 

81. 5 
82.7 

140 

36 
4. 

7 
90.9 
83.7 

25.12.56 40 102 87 85.3 73 14. 83.9 
" 70 101 89 88.2 70 19 78.6 

12. 2.56 40 98 8L 85.7 72 12 85.7 
7( 110 89 /1G. 9 16 82,0 __.(. _._.r.. 

24. 3. 
, 

Go 109 80 73.4 70 10 87.5 " 
65 107 77 72.0 69 8 89.6 

31. 3.56 60 112 83 74.1 71 12 85.5 
" 65 111 87 78.4 82 5 94.3 

10. 4,56 60 164 128 78.0 104 2.f 81.3 

" 65 164 131 79.9 112 19 85.5 

17. 4.56 60 162 134 82.7 124 10 92.5 
" 65 162 127 73.4 117 10 92.1 

21+. 4.56 6o 155 133 80.6 100 33 75.2 
" 65 165 143 fs6.7 134 9 93.7 

1. 5.56 60 Zll 87 73.4 78 9 89.7 
" 65 112 93 83.0 85 8 92.4 

8. 5. 56 6o 98. 7 3 74.5 63 10 86. 3 

65 98 8o 1. 
Total No. 
or Mean 60 921 718 78.0 610 108 85.0 
- do - 65 919 _u8 672 66 91.1 

Age Dictribution t 

of Unhatched (No.) 
Days 

0-10 
Days 
11 -17 

Days 
18 -21 

4 6 16 

4 4, 22 

15 10 15 
10 15 23 

9 3 12 

5 3 13 

10 2 22 

2 4 

1 - 2 

1 1 1 

1 .. 
ì + i 

1 
2 

1 
1. 

2 11 
2 15 

3 8 

3 9 

2 

4 - 4 

3 - 9 

5 - 2 

8 

5 2 18 

4 1 14 

2 1 7 

1 2 7 

6 4 23 

- 2 7 

5 - 4 
5 - 3 

4 - 6 
w 2 

iTerata column Includes all embryos estimated to be older. than 10 days 

27 6 75 
22 5 



the effect of various levels of Humidity on Hatchability 

Classification of emb 18 days or more and failkhátsh 
Malpositionz Pipped No Clubbed Burst Bacter- Mis- 

No ab- abnor- Teratj down Yolk ial cella- 
I II III normal- mality Degen. neous 

IND 

1 

4 - 

2 

6 

3 
i 

2 

- 

2 

4 
2 

4 

6 

2 

2 

1 

2 

3 

2 

2 

1 

i - - 2 

2 - 1 2 

3 - 1 6 

1 1 3 6 

- 4 1 

- 1 

9 1 

8 MED ft 1. 3. 

3 2 2 

3 8 1 

3 3 
3 2 

6 2 

11. 13. 

- 1 

1 

3 

3 

0 

3 

2 

- 
2 

410 

2 

2 1 

2 2 2 3 

1 e 1 2 

2 

3 8.0 

lb* 

10 5 11 9 

5 1 6 

fam 

01* 

1 

3 

...... 
3. 

1 2 

2 5 1 

1 2 at* 

1 2 

3 - - 1 

!.- ; 

...: 

,I.-, 

3 

2 

1 

- 

_ 

3 
1 

8 

1 

1 

,o. 

I 

2 
e 

2 

1 

1 

1 3_ 

2 

9 
12 

2 

1 

24. 

Oaf 

ASO 



TABLE 2 

Periodic Mortality expressed as a percentage of Fertile Ems 

Treated minus Control. (65 R.H.) shows Difference 

Percentage 
Relative 
Humidity 

No. 
Fertile 
Eggs 

0-10 days 11 -17 clays 18 -21 days 

40 194 2.06 3.09 8.20 
65 182 2.20 2.20 12 . 09 

Difference - 0.14. + 0.89 - 3.89 
50 202 7.43 4.95 7.4.3 

65 199 5.03 7.54 11.56 
Difference + 2440 - 2.59 - 4.13 

75 124 7.26 3.63 10.89 
65 125 4.00 2.4.0 10.40 

Difference + 3.26 + 1.23 + 0,4.9 

80 150 6.66 1.33 14.66 
65 160 1.25 2.50 8.75 

Difference + .41 - 1.17 + . 1 

Mean 65 
¡ 

3012 3.66 10.7 

Mean of 
2 Hatches 

40 
40/70 

86 
86 

2.33 
_._.._?_0_3, - _ 

0.00 
1.17__ 

5. 81 
8 11k .,_ 

40 - 1s.0 0 0.00 - 1.1 - 2. . 3 

Mean of 
2 Hatches 

40 .171. 1.17 2.90 11.11 
70 178 3.37 2.81 13.4$ __.. 

4.0 - 70 - 2,20 + 0,11 - 2.37 

Mean of 
7 Hatches 

60 718 3.76 0.86 10.4.5 
65 738 2.98 0.68 5.28 

Difference + 0.78 + 0118 



TABLE 3 

Periodic Mortality ressed as a percentage of Total Mortality 

Treated minus Control (69% R.H.) shows Difference 

Percentage 
Relative 
Humidity 

No. 
Dead 
Embryos 

0-10 days 11 -17 days 18 -21 days 

40 26 15.4 23.1 61.5 
65 30 1 .3 1 .3 73.3 

Difference + 2.1 + 9.8 - 11.8 

50 40 37.5 25.0 37.5 
65 48 20.8 31,3 47.9 

Difference + 16.7 - 6.3 - 10.4 

75 24 37.5 12.5 50.0 
65 21 23.8 14.3 61.9 

Difference + 13.7 - 1.i, - 11.9 

80 34 29.1+ 5.9 64.7 
65 20 10.0 20.0 70.0 

Difference + 19.4 - 14.1 - .3 

Mean 65 17.0 ILL._ 63.3 

Mean of 

2 Hatches 
40 

40/70 
40 -40/70 

7 
10 

28,6 0.0 71.4 
20.0 10.0 70.0 

+ 8,6 -10.0 + 1.4 

Mean of 
2 Hatches 

40 
70 

26 
35 

7.7 
17.1 

9.4 

19.2 
14,3 

73.1 
68.6 

4.9 

Mean of 
7 Hatches 

60 
65 

Difference 

108 
66 

25.0 5.6 69.4 
333 7.6 59.1 

8.3 -2,0 +10.3 



v 

TAKE 4 

Ma1positions ex ressed as a percentage of Fertile Ems 
Treated minus Control 6 R.H. shows Difference 

Percentage 
Relative 
Iiumidí.tz 

No 
Fertile 
Eggs 

I II III VI 

40 194 0.00 1.03 0.00 2.06 
65 182 2.20 1.10 1.10 ;500 

Difference 2.20 - 0.0Z---- 1.10 - 1.21+ 

50 202 0,0 0.99 1.98 0.99 
65 199 0.0 .00 1.00 0.50 

Difference 0.0 

. .-_.. 

- 2.01 + 0.98 

_..._.. 

+ 0.49 

75 12ía. 0.84 2.43 0,0 1.62 
65 125 0.00 0,80 3.2 2.40 

Difference + 0.81 + 1.63 - 3.2 - 0.78 

80 150 2.67 1.33 4.00 1.33 
65 160 : 0.00 G.00 1.25 1.25 

Difference + 2.67 + : + 2.7,5, + 0.0íi 

Ueaanj5 0.55 _". 11 21 1 6t+ .1.. 86 ._ 

Mean of 
2 Hatches 
40 

4/70 
0 

86 1.16 0.00 1.16 2.33 
86 2, 0 00 

-- -- . 
1.16 2, 

- 1.17 0,00 0.00 0.00 

Mean of 
2 Hatches 

40 
70 

171 

178 
1.75 0.00 2.92 4.09 

.=2,56 +1.2 +0.16 

Mean of 
7 Hatches 

60 

65 

Difference 

718 1.39 0.70 1.53 1.25 
738 0.68 0.11+ 0.81 0.95 

+ 0.71_ + 0.56 + 0.72 + 0.30 



vi 

TABLE 5 

Malositions ex ressed as a . rcentac --e of Total Mortalit 

Treated m nus Control shows Difference 

Percentage 
Relative 
Humidit 

No., 
Dead 
Eft os 

I II III VI 

40 
65 

Difference 

26 

30 

0.0 

13.3 
747 
6.7 

0.0 
6.7 

15.4 
20.0 

i 13.3 1.0 6. - iy.. 6 

50 
65 

Difference 

40 
48 

0.0 
0.0 

5.0 
12.5 

10.0 
4.2 

5.0 
2.1 

0.0 - 6. .8 + 2. 

75 
65 

Difference 

24 
21 

4.2 
0.0 

12.5 

4.0 
' 0.0 

19.1 
8.3 

1 4. 3 

+ 4.2 + . -- 1 '.1 - 6.0 
80 
65 

.._ 
Difference 

31+ 

20 
11.8 
0.0p 

5.9 
0.0 

17..6 
10.0 

5,9 
10.0 

11e8 + .9 + e6 1 ___ 

iean 6 
b 

6.0 10.0 11.6 

Kean of 
2 Hatches 

40 7 14.3 0..0 14..3 28.6 
40/70 10 20.0 0.0 10.0 20.0 

° 
.. 

.'J ' 
- 5.7 0.0 + + 8.6 

Meaner e 

2 Hatches 
40 26 11.5 0..0 19.2 26.9 
70 35 2.9 2.2_4 8.6 20.0 

0 ,y 8.6 - 2.9 + 1 0. 6 + 6.9 

1 of 
7 Hatches 

60 108 9.3 4.6 10.2 8.3 
65 66 7.8 1.5 9.1 10.6 

Difference + 1. + 3.1 + 1.1 `- 2.3 



APPLUDI:K II 



Detailed information on Ex.eriznents conducted to ascertain 

Hatch No. No. No. Fertil- No. , No. Hatcha-' Age Distribution 
Date Turns Eggs Fertile ity Eggs l Fertile bility of Unhatched. No. 

per day Set Eggs % Hatehedf Fags un- % Days Days Days 
hatched 0-10 11 -17 18-21 

22,10. 57 

i 

0 134 107 80.0 li+ 93 13.1 
2+ 135 106 78.5 95 11 88.7 

17.10.57 0 155 117 76.1 16 101 14.5 
24 1>,',-) 123 79 4 108 15 91.9 

19.11.57 1:2 116 81:- 72.4 52 32 
" 24 116 103 89.8 82 21 79.6 

27.11. 57 1:2 164 141. 86.0 90 51 63.8 
24 164. 133 84.1 115 23 83.3 

13.6:57 2 221 164 74.2 126 38 77.4 
" 24 222 166 i4.8 150 16 90,7 

6.8.57 2 221 160 72.4 123 37 76.8 
" 24 

-67 
224 16 731,7 158 27 81k.6 

16. 7.57 212 17 83.0 140 36 80.2 
" 24 214 160 74.8 127 33 81.7 

9. 7.57 6 215 166 71.2 124 42 75.2 
" 21E 208 167 82.4 143. 26 84.9 

12. 6.57 12 261 221 84.7 183 38 82.8 
" 24 256 227 88.7 1.89 38 03.2 

4. 6.57 12 257 201 78.2 163 38 81.0 
" 2:. 257 212 82 l3 25 i 87.1 

ÌT. 4.57 4-8 203 160 78.3 14,33 12 92.5 
" 24 195 186 95.4 160 26 06.0 

9. 4.57 48 228 208 91.2 192 16 92.3 
" 24 215 184. 85.6 152 32 82.6 

2. 4.57 4.8 207 187 90. 3 163 114. 87.2 
If 24 217 194. 89.4 169 25 87.3. 

26. 3.57 4.3 229 211 92.1 185 22 85.6 
N 24 24 218 90.8 194 24 08.9 

1. 4.5E 96 213 165 77.5 128 37 77.6 
" 2k 215 ?.54 71.6 112 42 72, 7 

8. 4.58 96 189 154- 81.5 133 21 86.4 
" 24- 192 3L3 74.5 118 25 82.5 

15. 4.58 96 198 164 82. 8 139 25 84.8 
H 24 197 155 78.7 122 33 78.7 

22. 

24 178 340 73.1 98 42 70.0 
2. 6.59 1+4 197 144 73.1 123 21 85.4 

" 24. 199 140 70.4 116 24 82,9 
9. 6,59 144 186 132 71.0 110 22 83.3 

" 24 186 142 76.3 108 34 76.1 
16. 6.59 14. 168 114 67.9 96 18 84.2 

" 2L. 16 11. ba 1 22 80 

31. 3.59 192 217 15 71.9 133 23 85.3 
E, 24 218 119 65,1 123 19 86.6 

7. 4.59 192 221 176 79.6 144 32 31.8 
" 24 223 175 78.5 142 32 81.1 

11+. 4-.59 192 211 163 77.3 139 24 85.3 
If 24 210 161 76.7 130 31 80.7 

21. 4.59 192 187 138 73.8 112 26 81.2 
" 24 186 143 76, 11 28 80.11 

17 14 
6 - 

27 21 
6 61«9 4 

6 5 6 
12 t;. 

62 

5 
53 

15 
10 
35 

` 8 _3 12 
21 1 .16- 

ÿ 6 2 8 

17 6 14 
10 14. 1 
17 3 1 

14 3 16 ii 4 27 
1.- 

ZO 4. 12 
1 10 9 T19 

1 

10 16 12 
; 7 7 24 

6 1- 
4 

I 7 5 14 
, 7 - 9 

É 

8 1 23 

7 3 14 

s 

1 1 23 

1 

6 1 15 

1 5 1 18 

ß 17 2 18 i 

13 8 21 

3 0 18 

4 6 15 
5 8 12 

4 
1 

10 19 

12 12 18 

7 5 9 
8 2 V.I. 

5 5 12 
15 7 12 

4 5 9 

" 1 Z0----- 
1]. 4. 8 
10 3. 8 

111 3 18 
13 5 34 
12 G 6 

12 15 4. 
10 2 14 

1. Terata column includes all embryos estimated to be older than 10 days. 
Figures in parenthesis denote embryos 10 da,ys old or younger. 

9 2 12_-__ 
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the effect of various rates of Turnip; on Hatchabilit 
Classification of emb os 18 days of ape or more and failin to hatch t bers' 

Pipped No 1 Clubbed Burst Bacter- His - 
No ab- Amor- Terata don Yak ia1 

1 

cella - 
normal,- mality nous 

' 

á it 
Degen. á 

4 15 5 20 7 0 

1 2 - 1 1 1 

3 17 3 211. 6 12 
- 2 3 1 1 

Mal 3o sitions 

I / II t III 
1 

3 3. 

2 2 

2 9 

2 1 

ONO 

4(3) 3. 

1 6 

2 2 
?. 1 1 

6 6 5 

- 1 1 

2 
2 
4 
2 

3 2 

7 1 

5 1 1 
2 3 

3 
1 

1 2 

2 

1 

7 r - 1 3 
2 - 1 6 ( 7 6 2 

2 - - 5 2 5 . 

- 1 3 1 - 3 - 
- 1 2 6 1 3 - 

1 i 5 r 2 

6 - 3 6 í 2 14.. 
- 

- - 2 2 3 4 - 

- 3 3 6 8 1 - 
1 - - 3 ; 1 9 - 
1 1 - dá. ' 6 6 - 

rw 

3. 

1 

:/ 
2 

r 
2 

1 

2 
1 
2 

1 
.00 

i - - 9 - 2-1- 3 1 

1 2 6 4 1 4. 1 1 - 1 

- 2 2 7 3 3 1 

1 3 3 if i 3, 

i 2 3 3 1 2 
1 2 4. 5 1 4 
2 - - 1 1 - 1 

2 

2 

2 

2 8 d 1 

i i - - J 
3 1 2 1 3 

1 1 3 3 
1 

2 

1 

O W 

eft 

3 l 1 

2 
3. 

1 

2 

- 2 

IOW 

WV 

. 2 

1 
410 

2 

2 - 1 4 1 - - - - 1 
1 1 ,. 3. 1 

. 
1 

- 2 2 1 1 -(i) - - - 1 

- 2 3 6 - 2 5 

- .. 
4. 3 1 2 14- 13° 

- 2 1 3. - 1 1 
- 2 1 3 2 1 3 

1 3 - 5 3 1 1 
3 2 3 5 1 2 

Iv Included in 11 -17 days columme 



Hatch 
Date 

Detailed information on r.r.._ riments conducted to ascertain the effect of various 

7. 1.58 96 
" 4 

14. 1.58 96 
11 

21+ 

Mean 96 
Mean 24 

11. 2. 58 
tt 

219 

220 
178 

177 

170 
186 
138 
142 

308 
328 

No. 

Eggs Fertile 
tched Eggs un- 

hatched 

79.3 139 
85.0 148 
77.6 118 
80.2 109 

31 

38 
20 

33 

Age Distribution 
of Unhatched (No. ) 

Days Days Days 
0-10 11 -1 18 -21 

81.8 13 3 

79.6 11 2 

85.5 10 1 

76.8 7 5 
Mean percentage 

83.6 7.43 1.27 
78.2 5.43 2.3 

+2. 0 -1. 03 Difference T - C. ..e.....,...a....... +5.4 
480x versus 24x 

T -480 215 176 84.7 126 50 71.5 
C -24 217 173 80.7 141 32 81.5 

4.80 

24 
Difference T -C Sig. at 5rß level....,.... +10,0 

T = Eggs turned te 7th dar of incubation only 

15 
25 

9 
21 

incidence 
7.67 
14.12 
-6.45 

18 6 26 

13 1 18 
Percentage incidence 

10. 2 3.4 14. 

0.6 10. 

10. 6.58 T -24 189 11+8 78.3 111 37 75.0 
" 0-24 187 151 80.7 112 39 74.2 

T = Eggs unturned to 7th d,a: turned 8-18th d.ay of incubatioh 

17. 6.581 T-24 153 120 78.4 35 85 
" C-24 154 129 83.8 80 49 

Ems unturned to 84th hour i.n (T ) 
21.12.58 

! 

T -96 169 139 82.2 88 51 

i 171 136 79.5 109 27 

29.2 
63.5 

63.3, 
80.1 

Ems of both groups turned to 7th day of incubation onlj 

17.11.58 T -24 146 117 80.1 74 43 63.2 
tt 0-24 148 112 75.7 78 34 69.6 

+4.4 

7 7 23 

5 9 25 

19 16 50 

13 7 29 

22 5 24 
8 5 14 

9 12 22 

9 12 13 



x 

rates of Turnis ,and Periodic Turni.np on Hatchability 
Classification of embryos 18 days of age or more and failing to hatch (Numbers) 

Malpositions 

I II I III 

1 2 
6 6 2 

1 1 2 

6 3 2 5 
of YertileE s ) 

4 
o. 36 0.66 1.31 2.13 

3.73 2.67 1.27 3.11 
«2..01 +0.04 -0.98, 

6 
5 
1 

No 
abhor- Terata down Yolk 
reality 

Clubbed burst 

2 2 1 
2 4 

1 I 
3. 

3 3 4 
2 2 5 4. 2 

1 2.27 2.27 1.7 1.7 
1.12 1.12 2.$9 
+1. +1. -1.19 -0. b1 

gab 

1 

1 

Bacter- 
ial 

Degen. 

Mis- 
cella- 
ne ous 

1 No turning for 8 hours) 
in lst,2nd & 3rd nights) 

3. 2 

3 1 
1 . 
1.7 
0.6 



xi 

TABLE 3 

Periodic Mortal itv e ressed as a percentae of ertile Eza. 

No Turns 
' 

.-r da 
Treated 

No. 
E.__,s 

T 

Fertile 

C 

0-10 days 

T 

11-17 days 18-21 days 

T C T C 
, 

o 107 106 15.9 13.1 - 57.9 4.7 
o 11 12' 2 .1 1 . 1 6 . 

Mean 1.9. 5 5L3 ' 35.5 0. _51. 5. 2 

1:2 84 103 15.8 4.9 ; 4.8 5.8 17.9 9.7 
1:2 138 8.5 5,8 2.8 2.2 24.8 8.7 

' 

Mean 12.2 5.4 3.8 4.0 21.4 9. 2 

2 . 164 166 :; 12.8 3.6 ; 0.6 1.2 9.8 4.8 
2 1E30 165 10.6 6.1 ° .8 2. 2.4- 8.8 .9 

Mean 

6 176 

11. 7 4.9 ; 2.2 1. 8 9.,3 A. _._.e, 
160 9.7 8.8 : 1. 7 1.9 9.1 10.0 

6 166 167 6.6 6.0 2.4 2.4 16.3 7.2 
Mean 8s2 7.4 ; 2.1 2.2 12.7 8. C3 

12 221 227 4.1 7.1 8.6 5.4 
12 201 212 ). 9 2.8 11.9 6.6 

Mear. 4.2 3. 4.0 10.3 6.0 
48 160 186 2.5 3.8 - 2.7 5.0 7.5 
48 208 184. - 0. 5 4.3 12. 5 
48 187 194 3.7 0.5 ; 1.6 0.5 7.5 11.9 
48 211 218 28 2.' 0.5 0.5 .1 8., 
Mean .1 2 + 0. 1.1 0 10.1 

96 165 154 1.2 5, 2 10.9 13.6 
96 154 143 ^ 1.9 2.8 ; - 4.2 11.7 10.5 
96 164 155 3.0 6.5 4.9 2.6 7.3 12.3 6 1 4? 8 1 8.6 .0 8.6 12. 

Mean 1111111111111111111111111111111111WM ilY11111P10111 12 _. 

144 144. 140 = 6.7 5.7 3.5 1.4 6.3 10.0 
144 132 142 3.8 10. 6 ! 3.8 4.9 8. 3 8. 5 
144 1 11 3. 8.0 2 .9 8 8 
Mean ;11101iIII 

IIMilli ' ' 3 0 7. 5 9 i_--, 
192 156 142 7.1 7.0 2.6 0.7 5.1 5.6 
192 176 175 6. 3 7.4. 1.7 2. 9 10. 2 8.0 
192 . 163 161 -. 7.4 9.3 3.7 2.5 3.7 7.5 
192 138 lit, 7.2 6.3 1.4 1.4 10.1 11.9 
Mean 7.0 . 2. 1.9 .3 8. 

Total Mean 5.68 2.78 8.36 



Period 4o Mortali 
Duffers-nee 

xii 

TAME 4a 

a acre of Toto.l_IrtalitY 
t'ß Control 
II 

No. Turns 
rd 

0.10 days 2147 aaya 18.21 daos 

0 (4408 4, 11.4 + 1305 

1:2 go. 2,8 - 10,6 7.9 

g +1303 ' - 442 

i 6 
308 3,3 : 4. 7.0 

1 12 
' 

4* 1169 - 32.0 +12.8 

24 CVIIVOL 

4S +34,2 - 3,4 10, 9 

96 + 703 - 605 ... 0.8 

144 .13,3 4 10.5 4, 2.7 

1" i 

. 00 7 1 9. 4,6 ... 3.8 



TABLE 41) 

Periodic Mortality expressed as a percentage of Total Mortalitt 

No. Turns 
per day 

No. Dead. 
Embryos 

0-10 days 11-17 days ; 18-21 days 

Treated T í C : T C T C; T C 

0 
0 -Ì- 

93 
101 

11 ` 

1 
18.3 
26.7 

54.5 
40.0 

15.0 
20.8 

- 1. ¡ 66.7 
1 2.5 

4.5.5 
46. 

Mean 22. 4. 1 .9 . 5 9. . . 

1: 2 32 
1:2 1 

4.0.6 
23.5 

23,8 
34.8 

12. 5 
.8 

28. 6 
13.0 

46.9 
68. 

47.6 
2.2 

Mean 32.1 29. 10. 2 20. :.' 5 . 8 9.9 
2 38 
2 4 

16 
2 

55.3 
45.9 

37.5 
37.0 

2.6 
16.3 

12.5 
14.8 1 

h2.1 
,37,.8 

50.0 
482 

Mean . . 7. ' . 1 . 7 1 9. " ' .1 
6 36 
6 42 

33 
26 

47.3 
. 26.2 

42.4 
38. 

8.3 
. 

9.1 
1 . 3 , 

44.4. 
64. 3 

48.5 
2 r Mean 3 . 40. 8.9 12.2 EIMI! 

12 38 
12 it 38 

25 ,' 

26.3 
18.4. 

26.3 
20.0 

! 23.7 
; 18.4 , 

4.2.1 
O 

50.0 
63.2 

1111PAMERUI 
66.6 
56.2 
58.4 
68. 2 

31,6 
6.0 

53.8 
71.9 
92.0 

. C 

`:an 22. 2 .2 ; 21.1 3 .1 
48 12 
48 16 
48 24 
14-8 22 

26 
32 

33.3 
43.8 
29.2 
2 . 

26.9 =; 

25.0 
4.0 

20.8 

- 
12.5 
4.5 

19.3 
3.1 
4.0 
4.2 

Mean. 3.4 19.2 ? .' 7. 7! 62.3 73.2 

96 37 
96 21 
96 25 
96 20 

42 
25 
33 

= 45.9 
14.3 
20.0 

; _5_5_.0 

31.0 
16.0 
30.3 
28 6 

,, 5.4 
j; - 

32.0 
20.0 

19.0 
24.0 
12.1 
2E316 

20.9 1 

4.8.6 
85.7 
48.0 
2 0 
1.8 

50.0 
60.0 
57.6 
42.8 
2.6 Mean 

..._2_ 
33.8 20. 14.4- 

144 21 
W} 22 
14/1 23 

24 
34 
28 

i' 33.3 
' 22.7 

22. 2 

33.3 . 23.8 
44.1 22.7 
40.9 2 .8 

8.3 
20.6 
13. .6 

42.9 
54.5 
+.0 

58.3 
35.3 

Mean 7 14.2 4.1 4. 
192 23 
192 32 
192 24 
192 26 

19 
32 
31 
28 

'. 47.8 
34.4 

; 50.0 
38.5 

52.6 ; 17.4 
40.6 9.4. 
48.4 25.0 
32,1 i 7. 

5.3 
15.6 
12.9 
7.1 

34.8 
56.3 
25.0 
53.8 

42.1 
43.8 
38,7 
60, 

Mean 42. 4.4 ÿ4.8 10. 2 1 42.5 4. 
1 Total Mean ean 34. 0 15.48 ( 50. 53 

0 
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TABLE 5 

Malpositions expresse as a percenta,,e 4£ _Fertile E;s 

No. Turns _or 
Treated 

I II III VI 

T C T i T,_t^ C T C 

0 
0 

3.7 0.9 
# 

14.0 
i 

1.9 1 4.7 - 18.7 1.9 . « 
'. 14-5 1.6 2.7 2.1 20.5 5 0,8 

Mean "'.2 0.4- 14..2 1.7r 3. 1.2 12.-6- 1.35 
1:2 
1:2 

1.2 1.9 
il 

1.2 
- 0.7 + .O 

1.0 i.7.6 
2.2 1. 
1.6 2. 5 

-10.6 
0.6 - 

1.9 1.2 1.9 
14. 6. 0.7 

Mean. 0.6 1.3 11 3.1 1. . 1 

2,4. 
1 

2 
2 

0.6 
- 0.6 

1..8 
0.6 

Mean 0.0 0. ' 1.2 0.3 0 0.3 2.75 .2 2. 1 2 

- 2.3 1.9 
1.8 .4 - 

6 
6 

- 0.6 
0.6 

1.1 
0.6 

1.2 P 

1.2 
2.8 
3.0 

Mean 0. 0.3 0.85 1.2 
0.4 't 

- 
0. 2 

0.5 
- 

1.5 

2.9 

0.5 
P 0,5 

J 3.8_5_ 0.95 
1.3 2.7 0.4. 
- 3.0 2.4. 

12 
12 

.. .. 
1.0 0.9 

! .. 
- 

Mean 

48 
48 
4.8 
4-8 

0 . 5 0 . 4 - 5 L t 0.0 4 0. 5 0,65 2.85 1. 
- - 
- 3.3 
- - 

0.5 i 

E 0.6 
0.5 
- 

1.9 
g - 
1 1.1 

1.1 0.6 3.2 
1.6 2.4 3.3 
1.5 1.1 3.1 

1.4. 1 8 
L^-,an 0.13 I 0.95 0.2R 0.63 0.75 1 0 1.38 2.85 
96 - 0.61 0.65 
96 - 0.69 
96 0.61 0.65 
96 1.4.8 - 

- 1.3 
1.3 2.1 
1.22 1.29 
- 2.14. 

- 
1 1. 3 

; 1.83 
- 

0. i 
3. 9 5. 4.5 2.6 
2.1 4..5 2.8 
2.58 1.83 3.22 
1. 0,74 .?. 

Mean O. 8 0.50 0.63 1.71 2.5 3.14 .5 
144 0.69 0.71 
14?. - 1.4. 
4. 004w0.88 

0.69 
0.76 
0.37 

1.42 
0.7 
1.76 

li - 
g 2.27 . 

0.71 - 
0.7 ;- 

' 2.63 

2.14 
- 

0.88 
Mean. - 0.52 1.0 
192 0.64. 0.7 
192 ,. - 
192 - - 
192 0. 2 2.1 

0.,.,.7 ]..29 0.4-7 0.88 I 1.0 
i 0.64 
pp 

1.13 
I 1.23 

2.17 

- 
- 

1.214. 

l 

.. 
1.7 
0.61 
- _1_2.10 

(J.58 

1.1+1 0 0.64. 
2.29 ' 3.4 
0.62 i 0,61 

; 3.62 

1.4.1 
1.71 
1.86 
3.5 

Meax? 0.34 0.7 
.1.4- 

1.29 0. 14 .61 ! 2,07 2.12 

Total Mean 0.69 
--r 

1.04 i 1.25 1,75 



TABLE 6a 

Malpositions ex )ressed. as a percentáe of Total Mortalit, 
Difference of weans (Treated minus Control 

abstracted from Table 6b. II 

No. Turns 
pe.r. day I 
Treated 

0 -0.9 

1:2 5.3 

2 .0 5.0 
6 -0.3 

12 - 1.3 
24 CONTROL 

48 y 3.5 
96 + 1.8 

144 - 2,1 

192 2.0 

I. 0.7 
- 0.5 
+ 3.4 
-2.9 
- 1.3 

- 1.3 

- 3.1 

- 2.5 

- 4.2 

- 5.8 
- 2.4 
- 8.6 
+ 7.1 
., 1.3 

VI 

+ 1/!..8 

+ 3.5 
+ 2.1 
+ 1:L.6 

+ 4.5 

- 5.2 

- 3.8 

- 2.1 

- 0.3 



TABLE 6b 

1ai2,_sitiorns emressec? as a alercer_tám of Total ìíortality 

No. Turns 
3er . v 
Treated 

- 
I 

T C 

: II III VI 
I 

T s C T C T , C 

0 
Q 

4.3 9.1 
3.0 - 

16.1 
16.8 

t 

18.2 
17.7 

5.4 
'.0 

- 
20.0 

21.5 
23.8 

9.1 
6.6 

::?'ea.. 

1:2 
1:2 

1..9_1_ 4.* 
3.1 9.5 

+. 4. 

16___ 
3.1 

13. 7 

11.8 i' 

4.8 1 

1'. 0 

4.2 10.0 2.2.2_,...122,_ 
3.1 

17.6 
9.5 

. 
9.4. 9.5 
. 9 8.7 

Mea3? 1.6 6.9 8. I 8.9 6. 9.1 10.4. 
, 

r 6.9 
2 
2 

- 6.3 
.7 

; 7.9 
' 2.7 

- 
3.7 

2.6 12.5 
- 

. 10.5 
13 5.....,,....1t.... 
12.0 

12.5 

'. 9 Mean - 5. 0 5.3 . 

1.9 1. 9.9 
6 
6 

--x- 
- 3.0 

2.4. - 
5.6 
2.1 

6.1 
. 

13.9 - 
' 11. 11 

1101 9.1 
21_ - 

Mean 

12 
12 

1. 2 1. 

°' 
8.0 

4.0 
- 
- 

b 

2.6 
- 

' . 

2.6 7.9 
2.6 - 

1 2 

15.8 
1 .8 

4.. ._ 

2. 6 
20 0 

Mean 2.7 !t, 0 

- 
1.8. 8 

- 
.2 

2.1. 
4.,. 
3.0 

.- 

8,3 
; 6. 3 

- 
- 

1.3 
3.8 

°- 

12.3 

2.6 . 

25.0 7.7 
{y- 

9.4 
8.3 12.0 
- .,1 

1 . : 

8.3 
31Q 

8. 
2 

8.3 
6 

11 

23.1 
18.8 
24..0 
16.6 

4.8 
48 
4 8 
48 

96 
96 
96 
6.. 

- 
- 
.. 

I.. 

2.7 
- 

4.0 
10.0 

. w 3 20 a 
- 

' 9,5 
8.0 
- 

4.3 
12.0 
6.0 
.1 

- 14.3 
9.5 12.J 

12.0 12.1 
- 4 8 

24.3 
33.3 
12.0 
5.0 

9.5 
16.0 
15. 2 
1 .0 .._._.._.` 

sd_a.n r 4.2 2.4. 4.4- 5.4 10.8 18.7 34.9 

144 
1r,j! 
144 
Mean 

4,8 
- 

3.6 
4-8 

4.2 
5.9 
4.. 
4. . 

4.8 
4.5 
3.6 

8.4. ' 

2.9 
9 1 ; 

- 4.2 
13.6 2.9 

- - 
- 
- 

3.0 

12.5 
- 

5 
, 4.3 6; 8 5 2.4 3. 5. 

192 
192 
192 
192 

4.3 
- 
- 

3.8 

5.3 4.3 
- 6.3 
- 8.3 

3.0.7 11.5 

- 
- 

6.5 
7.1 
3.4- 

- 
9.4 
42 
- 

3.4 

10.5 
12.5 
3.2 

10.7 
9.2 

4.3 
18.8 
4.2 

19.2 
11.6 

10.5 
9.1,- 
9.7 

17.9 
11.9 Mean 2.0 4.0 7.O 

Total Mean 4..3!...4-_t_ 6.39 ; 7.6 10.4. 



xvii 

TABLE 7 

The Number and T es of Terata occurri in the Treated and Control 
at each experimental level of turning. 

Rate of 
Turning 

Treated Control 

0 x 1 Right eye defic. - crossed beaks 
2 Left eye defic. - crossed beaks 
1 

It tt 
" - short upper beak 

4 Short upper beak 
1 " " " & cerebral hernia 
1 Parrot beak (10) 

- 

¡ 

1:2 x 
j 

1 Right eye defic. -X beaks 
1 Left eye defic. -X beaks 
1 Both eyes defic. -X beaks 
1 Short upper beak 
1 Parrot beak ( 7) 

2 Ectopia viscerum 

(2) 

2 x 
' 

i Early gross malform. 
1 Short upper beak 
1 Micromelia (type, Asmundson 191+2) (3) 

- 

6 x 1 Dwarf ( 1) Deformed Right leg (1) 

x 1 Right eye defic. - upper beak 
1 Short upper beak ( 2) 

- 

24. x Control 

48 x 1 Ectopia viscerum ( 1) - 

96 x 2 Short upper beak 
1 Parrot beak 

1 
2 Two- headed 

E 1 Dwarf 
1 Gross malform. (7) 

Parrot beak 
. Deformed Right leg 

(2) 

144 x 2 Short upper beak & cerebral hernia 
1 Upper beak defic. & ccton. vise. 
1 Parrot beak 
1 Ectopia viscerum ( ) 

Lower beak defic. & 

cerebral hernia 

(1) 

192 x 1 Left eye defic. -X beak 
1 Right eye defic. -X beak 
2 Parrot beak 
1 Dwarf 
1 Gross malform. 
2 Ectopia viscerum ( 

8) 

3 Micromelia 
( type, Asmundson 191-2) 
3 Crooked neck 
(type, Asmundson 1945) 
2 Gross malform. 

( b 

480 x 1 Left eye defic. - short upper beak 
2 Dwarf (3 

1 Ectopia viscerum 
(1; 



APPENDIX III 



DETAILED INFORMATION ON THE POSITION OP 20 -DAY EMBUOS 
AS DETECTED BY X -RAY 

Numbers of Embryos eventually hatching with corresponding failures for each category 

.._._. 
Trial 
No. 

Hatch 
No. 

No. 

Turns- 
per 
d 

P O S I T I O N TOTAL 

H Un-H 

% 
Hatch 

No. 

Mal- 
Pos. 

No. 

Misc. 

No. 

Eggs 
X- 
rayed 

BAM BAS P 

H iUn-H H Un-H 
J 
Un-H ïi Un-H 

1:2 
96 

: ,-,.., 

14 5 
20 1 

27. 5 
27 2 

36 1 
23 2 

3 - 
19 1 

63 11 
83 6 

85.1 15 11 100 
93.3 7 4. 100 

2 1 Uf), 2 - 
- 1 
- 1 

2 2 

8 1 
16 4 
4 1 

33 1 
45 1. 

17 1 

__,__. :_.._ ., 

43 2 

25 1 
17 2 

101 
105 

54 

2 14h 

3 1A4 

TOTAL 28 6 95 3 85 5 210 16 92.9 16 18 260 

i . 24. 

2 24 
3 24 

- 3 

2 

- 1 

1 1 

14 1 
5 2 

32 2 

33 1 
25 1 

52 4. 

35 2 

18 1 

101 
105 
56 

TOTAL 4 

----- 

20 4 90 4- 105 7 G17 19 92.0 10 16 262 

3 ( a 152 
(b 192 
(e) 192 
(a) 192 

3 - 
1 - 
6 1 

1 - 

26 2 

40 2 
30 . 
18 2 

38 2 

39 - 
4.8 1 

47 4 

12 1 
7 - 

14. - 

21 - 

90 

97 
110 

99 

TOTAL 11 1 114 6 12 7 54 1 351 15 95.9 20 10 396 

a) 24 

b) 24 
C) 24 

(d) 24 

J. x 

1 1, 

5 1 

7 3 

22 1 

36. 1 

22 3 

15 3 

31 1 

44 -- 

40 2 

37 2 

20 - 
4. - 
22 1 

32 1 

90 

98 
107 
110 

352 21 94,4 23 9 405 TOTAL 21 6 - 101 8 152 5 78 2 


